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ﬁmguw_m (Modern Artillery)
by A. N. Latukhin, Moscow: Military Pub-

lishing House of the Ministry of Defense
USSR, 1970, 320 pp.

The book considers vroblems in the development of modern artil-
lery, shows the purpose, corbat characteristics and construction
principles of modern examples of artillery weapons and ammunition,
gives a classification of them and their basic tactical-technical data,
and glves an account of the questions involved in artillery indtrumen-
tatior.

!
The book also acquaints the reader with the basic trends in
further develorment of artillery weapons.

Factual and numerical data inciuded in the book are taken from
the Soviet and foreign public vress, and prosrects for the development

of artillery are set forth in accordance with the views of foreign
specialists,

The book is intended for the wide circle of readers interested
in artillery weapons.
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PREFACE
P. N. Kuleshov, Marshal of Artillery

Artillery was long tbe main striking fire power of decisive sig-
nificance in combat operations or land and sea. The situation remained
thus until the end of World War II.

With the appearance during the postwar period of rocket nuclear
weapons, especially tacticsl and operaticnal-tactical weapons permit-
ting a sharp increase in the depth and force of fire action against
the enexy, military svecialists in g number of countries began to con-
sider artillery an antiquated and cumbersome means of combat. HNowever,
such views have not stood the test of time. Further improvement of
tactical rocket weapons and analysis of their coabat capabilities have
shown that they cannot be employed to perform all the fire missions pre-
viously entrusted to artillery. It has been found, for example, that
the use of rocket nuclear weapons is practical only against large-sized
and strategically important targets.

In recent years the attention pald abroad to questions of im-
proving and developing artillery weapons has increased. This is due
to the adoption in the United States and other NATO countries of the
military concept of so-called "flexible reaction" and limited local
wars, Foreign specialists believe that in ccmparison with tactical
rocket weapons artiilery possesses considerably greater precision of
fire. It can deliver fire on the enemy without exposing advanced
friendly troops to danger. In addition, cannon-type artillery is sim-
pler in construction and more reliable in operation, while mastery of
artillery technique presents no special difficulties.

The development of offensive and defensive weapons under modern
conditions has led to a clearcut separation of the functional duties
of missiles and artillery in the performance of cormon combat missions,

A traditional type of weapon, artillery in our day occupies a
firm place in the armament system of modern armies.

Artillery is rightly regarded as the most reliable, fastest,
most flexible and economical fire weapon for influencing the course and
outcome of battle.

what _has happened to artillery today?! The answer can be found
in A, N. Latukhin's book Sovremennaya Artilleriya (Modern Artillery).

The reader will find here a great deal of useful information
about modern towed and auxiliary propelled guns, self-propelled artil-
lery and recoilless guns, mortars and salvo-fire field rocket artil-
lery, the artillery armament of tanks, aircraft and the navy. The book '
will also give a familiarity with various types of ammunition used for
gunnery and with artillery instrumentation.

The popular treatment of a wide range of questions relating to
the artillery weapons of our day will doubtless find an interested
reading public made up of soldiers and officers, young civilians pre-
paring to join the ranks of the glorious Soviet Armed Forces, veterans
of the Oreat Patriotic War, and all whc want to enlarge or update
their knowledge in the field of artillery weapons.
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INTRODUCTION

The 1iterature has not cast much light during the past decade
on auestions of artillerv development.

To a certain extent this has been the consecuence of an over-
evaluation cf the role of missiles during ths period of rapid develop-
ment of this type of weapon. At the same time experience has shown that
the rocket weavon and artillery do not exclude, but mutually complement.
each other. Artillery has continued to develop, using the latest
achievements of scientific and technical thought, and has acouired new
characteristics., Axxiliary-propelled and self-propelled artillery, dif-
fering from that employed during World War 1I, have appeared. Develop-
ments of light-duty field gunc are under way. Someth.ng new has ap-
peared in ammunition (combvstible shell cases, rocket-assisted projec-
tiles, shells with rady-made elements etc.). The rapid development of
electronics has contributed much that is new to artillery instrumenta-
tion (electronic computers to prepare initial firing data, lasar range
finders, radar devices for target acouisition etec.).

At present there is in the litera*ure no generalizing work in
orint abcut modern artillery. However, the importance of covering this
subject is obvious from the foragoing.

The bock offered here is devoted to modern artillery weapons.,
It considers combat and operating characteristics of pieces, classifi-
cation of artillery and the fundamental principles of constructicn of
numerous types of artillery weapons and ammnitior, instruments and
apparatus employed to support artillery firing, and shows the basic
trends in the further development and imrrovement of artillery weaoons.
The construction of certain specific weapon models is illustrated by
the example of foreign artillery systems.

The state-of-thez-art of armament and combat materiel is in many
respects devendent on the level of development of science and technol-
ogy in a riven country, on the skills of engineers, designers and work-
ers. The develovment of artillery weancns is itself a complex creative
provess. General theoretical princivles can be properly apolied under
specific conditions only when newly emerging factors and confliecting
trends that objectively are evolving are carefully weighed. Some of
these trends are becoming stronzer, others are losing strength. What
yesterday was of a progressive character may today be depleted of its
significance, thus preparing conditions for the emergence and develop-
ment of new ways of creating armament and combat materiel., What is
progressive today may tomorrow prove to be a bygone stage. In order to
give full range to the new and indeed vrogressive, all these circum-
stances must be duly borne in mind.

The new armament is material proof of scientific and technical
progress attained as a result of the development of theory and experi-
ence over many years. Jlears of research and development precede the
emergence of new artillery weapons. Then comes a protracted period of
tests of a new model, finishing touches on it and further improvement.
No wonder it is said that the first generation of arms lives in the
troops, ithe second in firing ground tests, the third in experimen.al
workshops, the fourth in blueprints, while the fifth gestates in the
minds of sclentists and designers and is adumbrated in service recuire-
ments.
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Owing to the tireless concern of the Communist Party and Soviet
Government our Armed Forcez have at their disposal first-rate artillery
weapons and artillery cadres that are experienced and devoted to their
country. Together with the armies of the other socialist countries
they vigilantly guard the peace.

The author conveys his sincere gratitude to Yu. V., Chuyev,
State Prize Winner, Doctor of Technical Sciences, Professor and Major
General of the Engineering and Technical Service, for his valuable ad-
vice during preparation of the book for publication.
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Chapter 1
HISTORY OF THE DEVELOPMENT OF SOVIET ARTILLERY

1, Develooment of Artillery 1918-1941

The mighty Soviet artillery in its development inherited the
best traditions of the valiant Russian artillery, which had a great
history and instructive combat experience. Many times over the span
of six centuries Russian artillerymen pounded the enemies of our coun-
try.

Significant contribution; to the development of artillery have
been made by the outstanding anc world-famed Soviet scientists N. V,
Maiyevskiy, N, A, Zabudskiy, h. D. Zasyadko, K. I. Konstantinov, A. V,
Gadolin, A, P. Engel'gardt, D. K, Chernov, R. A, Durlyakhov, and many
others.

Russian artillerymen were the first in the world to invent and
create rifled rapid-fire euns, field and heavy artillery, combst mis-
siles, mortars and other types of artillery ordnance. Russian gunners
were long regarded as excellent masters of accurate fire.

Before the Great October Revolution conditions were unfavorable
for the development of artillery. The backward industry of Tsarist
Russia, the conservatism of its ruling clique and the servility of
its officlals towards everything foreign prevented realization in full
measure of the technical innovations in the field of artillery weapons
suggested by native artillery scientists., The situation changed sharp-
ly only after the Great October Socialist Revolution.

From the first days of Soviet power the Communist Party and V. I,
Lenin attached tremendous significance to the development and improve-
ment of artillery.

Cn V, I. Lenin's instruction all armament left by the old army
was strictly inventoried and revaired. Directing the combat activity
of the fronts, V. 1. Lenin was ever concerned th=t they should be sup-
ovlied with armament although practical solution of this question in
these years entalled great difficulties.

The old Russian army on the eve of the October Revolution had
only 10,200 pieces ¢f various calibers. However, not even this number
of pieces could be used since most of them were capturcd by the Germans
at the beginning of 1918 or remsined on territory occupied by the inter-
ventionists and White Guards. Industry, which was in a state of com-
rlete collapse, was unable to give the army the necessary amount of
arms.

Under these exceedingly difficult conditions our party and
government solved the problem of setting up artillery production and
supply for the Red Army. Production of guns was started at the
Putilowsk, Obukhov , Sormovskiy and Perm' munitions plants.

In combat with the foreign interventionists the Red Army made
successful use of the few models of artillery weapons left by the Tsar-
ist Army. They included the 76-mm gun M1002, 107-mm gun M1910, 122-mm
light howitzer }1910, 152-mm heavy howitzer M1909, and 76-mm antiair-
craft gun M1915 (F. F, Lender's gun).
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A striking example of Communist Party concern for the develop-
ment of armament was V, I, Lenin's historic visit on 18 June 1920 to
the Artillery Committee of the Main Artillery Administration. As busy
as he was, he had found time to acquaint himself with the antiaircraft
fire adjuster suggested by Bol'shevik inventor A, M, Ignat'yev. A, M.
Gor'kiy, who accompanied V. I. Lenin, testifies that Vladimir Il'ich
after listening attentively to explanations began to put questions to
the inventor and Artillery Committee members about the construction
and action of the instrument., The artillery scientists were amazed at
Vladimir Il'ich's profound knowledge of military affairs and his extra-

ordinary ability to grasp speedily and in detail the model that was
presented.

During this period a Svecial Artillery Experiment Commission,
presided over by famous ballistics expert and designer V. M, Trofimov,
was set up in the Artillery Committee of the Main Artillery Administra-
tion, It was charged with the task of conducting scientific research
and experimental work in all fields of artillery sclence and ordnance.
Active particivants in the work of this commission were such scientists
as Academicians A. N, Krylov and P, P, lLazarev, Professors N, Ye,
Zhukovskiy, S. A, Chaplygin, N. F., Drozdov, G. A. Zabudskiy, S, G,
Petrovich and many others. From 1918 to 1924 alone staff members of
the commission performed about 100 scientific-research and experimental-
design projects and authored 141 scientific works. Scientifically
founded ways of developing new artillery weapons were determined in ac-
cordance with the results of the commission's work. A beginning was
made in founding the Soviet scientific schocl of ballistics scientists
and artillery designers.

The develovment of Soviet armament proceeded in close asso-
ciation with the develorment of the economy and the growth and streng-
thening of our Armed Forces on the basis of the first achievements of
the socialist regime.

At the end of the civil war a modest and feasible problem was
solved during the reconstruction of the national economy, narmely set-
ting to rirhts and improving the combat materiel inherited from the
old Tsarist amiy. The best models of pieces were selected from the
arsenal of weapons of the old army and put into service for the combat
training of the young Red Army (period of "small-scale modernization®
of the artillery).

During this period intensive preparation was made for the crea-
tion of new models of weapons which in their combat and technical char-
acteristics could meet increased recuirements. At the same time, use
was made of new methods and data obtained as a result of theoretical
and experimental investigstions.

The first new model of an artillery weapon created by Soviet
designers was the 76-mm regimental gun M1927.

During the years of the first five-year olan "large-scale modern-
ization" of the basic models of our artillery vieces was accomolished,
It was possible to solve successfully the principal modernization tasks,
viz. an increase of 15-50 percent in maximum effective range, improve-
ment in precision of fire, and an increase in weapon mobility, This
was achieved by lengthening the barrels, increasing the weight of pow=-
der charges, improving the ballistics characteristics of the vrojectile,
and by transferring guns from wooden wheels to metal ones with rubber
tires.
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Apart fr-m the modernization of old systems, new models of ar-
tillery vieces were also created. In February 1931 by order of the
Revolutionary War Council the 37-mm antitank gun Mi930 -- the first
special antitank gun in our artillery -- was adopted for service in
the Red Armmy, and in 1932 the more powerful 4S-.mm antitark gun M1932.
During the years of the first five-year plan our Armed Forces obtained
such powerful weapons as the 122-mm gun M1931 and the 203-mm howltzer
M1931,

If the preceding period was in the main a period of artillery
modernizatior, 1933-1940 is rightly considered a period in which the
artillery was completely reeauipped with new materiel and ammunition.

Successfully develoved, tested and adopted for service during
this brief period were such field artillery models as the 45-mm gun
M1937, 76-mm mountain gun M1937, 76-mm mountain gun M1938, 76-mm
division guns M1936 and M1939, 107-mm gun M1940, 122-mm and 152-mm
howitzers M1938, 122-mm gun M1931/37 and 152-mm gun-howitzer M1937,
152-mm gun M1935, 210 -~ gun M1939, 280-mm mortar M1939 and 305-mm
howitzer M1939.

The 45-mm gun M1934 and 76-mm casemate gun M1940 were created
for service in fortified regions.

The antiaircraft artillery obtained the 25-mm automatic cannon
M1940, 37-mm automatic cannon M1939, 76-mm cannon M1938 and 85-mm can-
ncn M1939,

\j

Figure 1. 122-mm howitzer M1938,

The new -odels were not inferior in their performance to the
best mcdels of the analogous class of artillery of foreign armies,
while the 122-rm howitzer M1938 (Figure 1), 122-mm howitzer M1931/37
and 152-mm gun-howitzer M1937 (Figure 2) were in many respects superior.
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Figure 2, 152-mm gun-howitzer M1937.

The creation of Soviet mortars was an event of fundamental im-
vortance for our army during the prewar years. Adopted for service
were the 50-mm company mortars M1938 and 1940, 82-mm battalion mertars
M 1937, 107-mm mountain pack mortars M1938 and 120-mm regimental zor-
tars M1938.,

During these same years new ammunition of vary.ng purpose was
developed and put into series production (projectiler, mortar shells,
charges, fuzes). The troops obtained more highly improved observation
and fire conirol equipment, as well as topogeodetic survey instruments
and artillery instrumental observation devices, which made possible
full utilization of the combat capabilities of artillery pieces and
mortars. Radio communication Facilities were introduced into the ar-
till ery.

The necessary measures were taken for artillery motorization,
Thus, as early as the second five-year plan the changeover of horse-
drawn corovs and heavy artillery to mechanical traction was started.
The artillery began to receive "Komsomolets" (light), "Komintern"
(medium) and "Voroshilovets" (heavy) tracklaying prime movers, as
well as ST2-3, STZ-5, S-60, $-65 and other tractors designed for the
national economy.

The organizational structure of the artillery was also improved.
Thus, whereas at the beginning of the 1920's it was subdivided into
division and special-purpose h.avy artillery, in the 1930's we already
had battalion, regimental, division, corps and general reserve artil-
lery.

On the eve of the Great Patriotic War a formidable new weapon
(Figure 3) -- szivu-fire field rocket artillery ®Katyashas") -- was
created in the Soviet Union for the first time in the world.

-
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Figure 3. Rocket-artillery combat vebicle BM-13.

Antiaircraft artillery was provided with new antiaircraft direc-
tors, as well as two- or four-meter telescopic range finders.

The first Soviet radar models of the type RIS-B-2, RIS-B-3
(search radar) and RUS-2 (air-search radar) began tc come into service.

New weapons gave an impetus to further development of artillery
tactics. On the eve of the war artillery regulations, manuals and in-
structions were published. Among the special works on the combat em-
ployment of artillery Artilleriya v Osnovnykh Vidakh Boya (Artillery in
the Basic Types of Combat) under the general editorship of V, D.
Grendal' (1940) and Taktika Artillerii (Artillery Tactics) under the

general editorship of A. K. Sivkov (1941) were considered the principal
ones,

The Soviet combined-arms and artillery regulations and manuals
at the beginning of the 1930's set forth views, progressive for the
time, on the combat employment of artillery: massing in most important
directions in close coordination with other arms of the service; sur-
rrise opening cf fire; creation of temporary artillery grouns during
combat and their decisive employment in counterbattery and antitank
fire; organization of reliable artillery reconnaissance of all kinds
and of continuous signal communication.

By this time there had grown up in our ccuntry remarkable cadres
of artillerymen -- scientists, designers, engineers, commanders,

An invaluable role in the development of Soviet armament was
played by the major works of Academician A. A. Blagonravov, Frcfessors
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Ye. A. Berkalov, M. F, Vasil'yev, D, A. Venttsel', I, P, Grave, N, F.
Drozdov, B. N. Okunev, G. V. Oppokov, ¥, Ye. Serebryakov, V. Ye.
Slukhotskiy, K. K. Snitko and many others.

Important contributions to the develomment of effective tech-
nioves of ground and antiaircraft artillery fire wera made by the famous
artillery scientists P, A. Gel'vikh, V. G. D'yakonov, 3. I. Blinov, F.
M, Prokhorov, S. N. Kaoustin et al.

Successful fulfillment of the plan of socialist industrializa-
tion made possible the creation of a mighty defense industry capable
of producing all types of artillery weapons. This is gravhically in-
dicated by the significant increase in the number of guns of all
systems in our army, especially during the years of the prewar five-
year plans (Table 1),

Table 1
GRCWTH IN THE NUMBER OF GUNS CF ALL SYSTEMS
(1917-1941)

Date Number of guns
October 1917 About 40*
End 1918 About 1700
1 May 1919 2,300
End 1920 3,000
1 October 1928 8,600
1 Januzry 1932 14,000
1 May 1933 15,000
1 Januery 1934 17,000
1 January 1939 554790
22 June 1941 67,335**

2, Artillery during the Great Patriotic War and Its Postwar Develop-
ment

The Great Patriotic War was a grim testing of our artillery.
The armed struggle took place under conditions initially extremely dis-
advantageous for us.

The German-Fascist command, setting their hopes on a "Blitzkrieg,"
were betting mainly on their highly mobile tank and motorized forces,
supported by large forces of aviation.

A fierce struggle was waged against Hitlerite tanks by all
arms of the service -- infantry, tanks, aircraft and combat enginears,
The main brunt of this struggle, however, fell on the shoulders of
artillerymen, cn special artillery antitank podrazdeleniya, chasti
and soyedineniya.

*In Red Guard detachments.
**Excluding 50-mm mortai's, which numbered :bout 24,200.
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Warfare with enemy tanks recuired of Soviet artillerymen con-
stant readiness, high combat skill, exceotional stamina, endurance,
coolness and valor in battle. They had to have the courage to avvroach
Fascist tanks at close ranee and then fire pointblank at them fycm the
guns.

In the very first engagements artillery heroes were born, dread
destroyers of Fascist tanks, whrse feats inspired our fighting men to
martial deeds for the glory of the fatherland. The heroism of Soviet
artillerymen was unparalleled. By fire they smashed breaches iarcugh
encirclerment and covered the passage ci friendly infantry, often los-
ing any oprortunity of withdrawing with them due to the los=s cof means
of tracticn and the exhaustiorn of ammunition. They feught to the last
shell and often perished under the tracks of the tanks, but they did
not abandon any corbat positions.

Thousands of Fascist tanks were wiped out by our guns by direct
fire during att-cks, by massed artillery fire from concealed posi-
tions at pcints of concentration, on the march and on initial lines
prior to attack. This is what happened in the environs of Kiev and
Odessa, near Moscow and Leningrad, at the walls cf Sevastopol' and
Stalin-rad.

Soviet artillerymen fought heroically too in the battle of
Kursk. The German Fascist command counted on achieving success in
this engagement by using new, more vowerful tanks and self-propelled
guns. However, the much-praised enery "Tigers," "Ferdinands" and *ran-
thers" did nct help. With precise rounds our valiant artillerymen
turned them intc heaps of scrap metal.

In 211, during the war years the accurate fire of our artillery
annihilated tens - f thousands of Fascist tanks.

In the crucible of war the skill of the artillerymen grew from
day to day, as did the influence of artillery on the course and outcome
of operaticns. The artillery consolidated its role as the main fire
and striking power of the Soviet Army and became a veritable "god of
war.” As a token of gratitude for the great combat services of the
artillery in defense of the fatherland the Nineteenth of November has
becorme a tradional holiday -- Artillery Day -- in memory of the
heroic feat of the artillerymen in the Battle of Stalingrad, which be=-
gan the radical change in the course »f the Great Patriotic War and
of World war II as a whole.

On the defense, artillery was the principal means of ccmbating
the enemy's tanks, his fire weapons and manvower. ©On the offensive,
mighty artillery fire cleared a way forward for our trocps, and as a
result they speedily overcame echeloned defense in denth, successfully
repelled enemy counterblows and counterattacks.

Puring the war not only methods of artillery employment, but
also qualitative characteristics of artillery weapons constantly im-
proved. The troops received a sufficient auantity of first-rate
pieces and ammunition. This permitted the massing of artillery fire
in decisive directions cn a hitherto unvaralleled scale.

The cewer and might of Soviet artillery are indicated by
figures such as the following. Whereas the counteroffensive of our
forces was backed up by 7,985 guns, rmortars and field rocket launchers
in the environs of Moscow and by 14,200 in the Battle of Stalingrad,
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already 4,500 guns, mortars and field rockst launchers took part u
the Kursk cperation, and in the Berlin operation whizh concluded the
war an entire avalanche of fire from 41,600 artillery systems was
hailed upon the enemy.

The fire of such large masses cf artillery enabled our forces
suceessfully tc smash any enemy defense lines, negotiate any walar
barriers encountered, put mobile forces into a gap and b=ck uwp their
action in operational deoth cf defense, surround and destroy large
enemy grcurings and victoriously assault cities and fortresses. Par-
ticipants in the war remember how devastating artillery preparation
before an attack always aroused in cur soldiers and ufficers a feoling
of admiration for the m ght of Ioviet arms and inspirei them with con-
fidence cf success in battle.

Experienced artillery ccmmanders were reauired to direct vast
masses of artillery on battlefields. Our party trained a whole con-
stellation of talented artillerymen. Thase included Chief Marshals of
Artillery N. N, Voronov and M, I, Nedelin, Marshals of irtillery V. I.
Kazakov, P. M. Kuleshov, G. F, Odintsov, N. D, Yakovlev, M. N, Chistya-
kov, K. P, Kazakov, Yu. P, Bazhanov, many generals and officers,

In close ccoperation with valiant infantrymen, tankmen, flyers
and firhting men cf other arms of the service the glorious artillerymen
with honor did their duty to the fatherland. For heroism on the battle-
field during the past war, for diligence in combat and expert mastery
of formidable .eavons 515 artillery soyedineniya and chasti were made
guards units, and ~bout 800 were awarded the Order of the Soviet Union.
The title Hero of the Soviet Union was conferred upon more than 1,800
combat artillerymen, and twice uporn two of them, Afanasiy Petrovich
Shilin and Vasiliy Stepanovich Petrov; 1,600,000 artillerymen were
awarded orders and medals.

Development and improvement in the forms and tactics of conduct-
ing combat operations made mcre and more new demands on weanrons in gen-
eral and artillery in particular. Some models of artillery weapons
became aualitatively obsolete. Consequently, artillery weavons had
constantly to be imrroved and developed.

During the Great Patriotic War the following new antitank guns
came into service: U45-mm gun M1G42, 57-mm gun M1943 and 100-mm gun
M1944 (Figure 4).

The 100-mm guns became a threat to the latest German "Tiger"
and "Panther" tanks. They refuted the legend of the impenetrability
of the Fascist armored monsters. Soviet fighting men had good reason
to call these guns "Hunters."

Also adopted for service were the 76-mm regimental gun M1943,
76-rm divisicn gun M1942 (Figure 5), 152-mm howiitzer M1943 and 85-mm
antiaircraft gun M1944 (Figure 6).

Participants in the Great Patriotic War well remember with what
joy each new i'un wac received at the front, oecoming a syrbol of the
indestructible link between the front and the rear, a symbol of the
progressive character of our socialist industry and of our scientific
and design thinking,

The significant enhancement of the combat characteristics of
Soviet artillery is shown in Tables 2 and 3.
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Table 2
CHANGE TN RANGE OF ORGANIC-ARTILLERY FIRE
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Keys:
A. Artillery weapons
1. Battalion gun
2. Regimental gun
3. Division gun
4. Division howitzer
B. Maximm range of fire in 1941, 4
C. Change in maximum range of fire by 1944, %
Table 3
COMPARATIVE DATA ON ARMOR-PIERCING ABILITY OF GUNS
AT RANGE OF 1000 m AND AT 60° ANGLE OF IMPACT WITH
ARMOR (FROM THE NORMAL)
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Keys:

A, irtillery weapons
1. Battalion gun

2. Regimental gun
3. Division gun

B. Armor-piercing ability in 1941, 4

Change in armor-plercing ability by 1944, %
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Figure 4. 100-mm field gun MLk,

Figure 5. 76-mm division gun Mo42,
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Figure 6. 85-mm antiaircraft gun Miguk.

It should be emphasized that, in addition to antitank artil-
lery, artillery of all calibers -- from light battalion artillery
weapons to heavy army artillery pieces, and in some cases even general
reserve artillery -- were used to combat enemy tanks and self-propelled
guns. There were armor-piercing shells in the unit of fire of every
artillery piece. In the course of the war subcaliber and shaped-charge
antitank shells pcssessing especially great armor-piercing ability
were created and widely used,

The enemy was obliged to acknowledge the high combat character-
istics of our antitank weapons and their power, too., The German Fascist
General F., Mellentin wrote, "The Russian infantry has good arms, espe-
cially a great many antitank weapons, Sometimes you would think there
is an antitank rifle or an antitank gun for every infantryman. The
Russians place these weavons very skillfully and there doesn't seem to
be a spot where they are not to be found,**

The requirements c¢ the front for the creaticn of ever more ef-
ficient weapons of antitank warfare were implemented not only by in-
creasing the power of antitank and tank guns but also by creating a
new type of weapon -- self-propelled artillery.

The characteristic feature of Soviet self-propelled artillery
was the use of latest tank chasss and the employment of the most powerful
artillery pieces. For example, our self-propelled guns wers created
on the basis of medium tank T-3% (SU-85, SU.100) and heavy tanks KV

*F. Mellentin, Tankovyye Srazheniya 1939-1945 gg. (Tank Battles 1939-

1945), Foreign literature Press, 1957, p 246.
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(50-152) and IS (ISU-122, ISU-152), The caliber of Soviet self-pro-
pelled guns as & rule wvas a degree higher than that of the tank on
whose chassis this plece was mounted. Thus, while the T-34 tank at
first had a 76-mm gun, the self-propelled mount on the same chassis
had an 85-mm gun; whereas in 1944 the T-34 tank was armed with an
85-mn gun, in the same year a 100-mm self-propelled mount SU-100 was
created on the T-34 chassis. The IS heavy tank was successively armed
with 85-mm and 122-mm guns, while the self-propelled mounts on the IS
base had 122-mn and 152-mm pleces respectively (Figure 7).

Figure 7. 152-mm self-propelled mount SU-152,

During the war years the 82-mm and 120-mm mortars MI94l and 1943
were adopted for service. They were essentially a modernization of
geod prewar mortars dictated by operational and production considera-
tions., To make the bodies of mortar shells wide use was made of a
less scarce material -- semisteel, This simplified the technology of
mortar shell production and speeded up ocutput.

In 1943 an important change in the characteristics of mortar
weapons occurrad. The 50-mm company mortars, which were not sufficient-
ly effective in combat, were taken out of production, and the 160.mm
mortar M1943 (Figure 85 was adopted for service. This mortar had no
counterrecoil mechanism, and was distinguished by simplicity of con-
struciion, light weight, and ease of service, Loading was accomplished
from the breech rather than from the mugzzle.

The 160-mm mortars were a very effective offensive weapon and
were highly rated by the troops. Reports from the front noted that
these mortars were powerful weapons for the destruction of all kinds
of field shelters, reliable guns for silencing and annibilating enemy
batteries, and a good means of demolishing fortifications under com-
bat conditions in large inhabited localities. During World War II
foreign armies did not have mortars comparable with our 160-mm mortars
in caliber, fire power and maneuverability.
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Figure 8. 160-mm mortar M1943.

During the four war years the mortars of the Soviet Army went
the route from infantry direct support weapon to means of reinforcement.
Suffice it to say that already in 1943 mortars accounted for more than
half of all cur artillery weapons,

The Grreat Patriotic War conclusively showed the might and via.
bility of a new type of weapon -- field rocket artillery. Possessing
high mobility and the capability of making sudden artillery attacks on
personnel and combat materiel, and exerting a literally stupefying ef-
fect on the enemy, Soviet field rocket launchers gained the warm sym-
pathies of our troops,

Antiaireraft artillery made a great contribution to assuring
our victory in the Great Patriotic War. In coordination with fighter
alrcraft it provided cover for the large cities and industrial centers,
as well as bridges and rallways of our country, and supported the op=-
erations of friendly forces in defensive and offensive combat., In
the region of Moscow alone, antiaireraft gunners shot down 272 Fascist
aircraft in 1941, The antiaircraft artillery defending Leningrad
destroyed 509 aircraft. In all, during the years of the Oreat Patriot-
ic War Soviet antiaircraft gunners shot down more than 21,000 enemy
aircraft.

The antiaircraft artillery of the Soviet Army had good materiel.
Seientifically grounded technicues of aerial gunnery were developed,
During the course of the war the antiaireraft artillery grew quanti-
tatively and was supplied with even more highly improved fire direc-
tion instruments.

Artillery was widely used in aircraft also, The armament of
our fighter aircraft included 20-mn cannons, and that of attack air-
craft 23-mm and 37-mm rapid-fire aircraft cannons.

e —————
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The Navy entered the war with artillery weapons that were rather
hWgily perfected for the time. They included shipboard and coast artil-
lery with appropriate fire control instruments.

In respect of purpose, shipboard artillery was divided into main
batteries, multipurpose artillery and antiaircraft artillery. The
main batteries, which had guns of the largest caliber aboard, were
called upon to perform the principal missions proper to the given
class of vessel, Viz, waging war on vessels simlilar to this class.
However, during the war they were more frequently drawn upon to per-
form other missions, for example, to neutralize coastal targets while
supporting the seaward flank of ground forces in landing operatioms.

Main batteries included guns of large caliber (over 180 mm)
mounted on battleships and cruisers, medium-caliber guns (100-
180 mm) on light cruisers, as well as destroyers and destroyer
escorts, and small-caliber guns (less than 100 mm) on small ships,

Multipurpcse artillery (76-100 mm) was mounted on certain
cruisers,as well as some destroyers and destroyer escorts. It perform-
ed main-battery and antisircraft-artillery missions and at the same
time backed up antiboat defense.

Naval antiaircraft artillery was used to fight the enemy in the
air. Its fire capabilities against waterborne and coastal targets were
limited. In respect of caliber sigze, antiaircraft artillery was di-
vided into large-caliber artillery (100 mm and over), medium (76-90 wm)
and small caliber (less than 76 mm).

Coast artillery was placed in coastal regions and on islands.
It defended naval bases, ports and other important installations
against enemy attack from the sea. In addition, it was drawn upon to
support ground forces operating cn the littoral.

The coast artillery had fixed (turret emplacements and open po-
sitions) and mobile (railway) mounts with 100, 130, 180 and 305-mm
naval guns.

In the heroic battles for Odessa and, especially, for Sevastopol'
the artillery of the ships of the Black Sea Fleet inflicted countless
losses on the enemy. During the 250-day defense of Sevastopol' the
battleship Sevastopol', the cruisers Krasnyy Kavkaz, Krasnyy Krym and
other ships delivered fire on Hitlerite troops about 400 times. The
antlaircraft gunners of the fleet shot down dozens of enemy aircraft.
The 305-mm turret battery at Cape Khersones covering the evacuation of
our troops kept firing on the enemy to the last shell.

On the Leningrad front, artillery fire of the battleship
Oktyabr'skaya Revolyutsiya, the cruisers Kirov and Maksim Gor'liy and
other fighting ships of the Red Banner Baltic Fleet, as well as of the
coastal batteries of Kronstadt, Fort Krasnofiotskiy (Krasnaya Gorka)
and others not only helped halt the Germans at the walls.of Lenin's
city in August 1941, but also played an important part in the rout
of Hitlerite troops in the vicinity of Leningrad in January 1944,

The creative thinking of Soviet artillery designers responded
briskly to all requirements of the front and swiftly took into account
everything new which the war contributed to the principles of artil-
lery employment in combat. Soviet designers mastered the methods of
bigh-speed planning of guns. This made it possible in short periods
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-- a few months and even weeks -- to develop and put into production
new models of weapons.

The teams of designers,directed by Heroes of Socialist Labor,
State Prize Winners andDoctors of Technical Sciences V. G, Grabinm, F.
F., Petrov, B, I, Shavyrin, I. I, Ivanov et al., made a great contribu-
tion to the creation of first-class Soviet artillery weapons.

The Chairman of the Council of Ministers USSK A. N, Kosygin,
speaking at a solemn session in the hero city of Volgograd on 11 July
1965, noted, "In the Creat Patriotic War our army conclusively showed
its sup:riority over the Hitlerite army, and the arms with which they
were equipped were shown to be more highly perfected than German
amo..

During the course of the war a hlstorically unparalleled reor-
ganization of our economy onto a war foccing was carrisd out, and
thousands of enterprises were relocaced from the western to the eastern
part of the country. Under the most complex wartime conditions blue-
collar workers, engineers and white-collar workers by their heroic
labor not only reestablished, but even significantly expanded artillery
production, This made it possible to overtake and surpass Hitlerite

((}ermamf in the production of artillery weapcens and combat materiel
Table u’) .

Table 4

COMPARATIVE DATA ON PRCDUCTICN COF ART..LLERY WEAPONS
IN THE USSR AND GERMANY DURING THE WAR
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Keys:

A. Model of gun
1. Mortars, in 000's C—
2. Cuns, in 000's
3. Tanks and self-propelled guns, each

B, Number produced

C. In the USSR

D. In Gemny

E., From 1 July 1941 to 1 July 1945

F. Average per year

*Pravda (Truth), 12 July 1965.
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: It is not amiss to take note of the falsity of the bourgecis

| propaganda assertion that supplies of arms to our country from the

| allies allegedly played a decisive roe in winning the victory over
the enemy. It is known that Lend-Lcase supplies of antiaircraft guns
amounted to only approximately 2 percent of our production.

[ The multimillion Soviet Army and our Navy were equi with

| Soviet-made artillery weapons. The personnel of enter;qriszge:f the

i People's Commissariats of Armament, Ammmnition and Mortar Weapons, head-
| ed up by People's Commissars D. F. Ustinov, B, L, Vannikov and P. I.
Parshin, made the principal contribution to the performance of this
difficult mission, Orders of the Soviet Union embellish the banners

of many plants in the artillery industry. For valiant labor tens of
thousands of workers, engineers and scientists involved in arms produc-
tion were awarded orders and medals, The title of Hero of Soclalist
Labor was conferred on many of thenm,
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Figure 9. 130-mm gun,

In the postwar period a weapcn of tremendous destructive power
-- the nuclear missile -- appeared. This revolution in military af-
fairs heralded an upheaval in the methods of conducting combat opera-
tions, in the theory of the art of war and in the practice of troop
training. A radical reorganization was carried out in the Armed Forces
of the USSR. The Strategic Rocket Forces were created. Important
organizational reforms took place in other Armed Services also:
operational-tactical rocket forces were created, as well as antiair-
craft rocket forces, atomic missile-launching submarine forces, avia-
tion chasty armed with missiles of verious types.

Apart from the creation of rocket forces, artillery also con-
tinued to develop. Artillery ordnance underwent great cualitative
changes, New models of guns, howitzers and rocket launchers with in-
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creased fire power and high precision of fire, more effective shells,
good mobility and maneuaverability came into service in the Soviet Ammy.
This increased the fire capabilities of combined-arms soyedineniyu by

far.
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Figure 10. 203-mm howitger.

In the first postwar years there came into service such weapons
as the 85.mm division gun, 85.mm antitank gun, 122-mm gun, 130-mm gun
(Figure 9), 152-rm gun, 203-mm howitzer (Figure 10), 160-mm and 2i0-mm
mortars (Figure 11), 82.me and 107-zm recoilless guns with shaped-charge
shells and high-explosive fragmentation shells, as well as many other

artillery systems.
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Figurg 11, 240-mm mortar.
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Field rocket artillery is equipped with modern salvo -fire sys-
tems of the BM.14 and BM-24 type.

With regard to the creation of antiaircraft artillery weapons

the culmination was the development of the 57, 100 and 130-mm anti-
aircraft artillery systems which are distinguished by a significant
rate of fire andaltitude mnge. In addition, newmaltiple self-propelled -smali-

caliber antiaircraft artillery mounts (Figure 12), capable while on
the move of combating high-speed low-altitude aerial targets, were cre-

ated and introduced into the forces.
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Figure 12, Self-propelled antiaireraft mounts.

Shipboard and coast artillery considerably changed. New ships
were equipped with modern gun mounts and fire control instruments mak-
ing possible successful fire on waterborne, coastal and aerial targets.
Both self-propelled and towed artiliery systems began to come into serv-
ice in the coast artillery.

Aviation received neu fixed aircraft armament with a high rate
of fire and more powerful shells than during the war years.

Radar found wide use in detection, target-designation and fire-
support systems, as did remote control (servo systems) in guidance

systens.

The Communist Party and the Soviet Government manifest constant
solicitude for the further increase of our country's military might.
The magnificent military parades on the Red Square in Moscow conclu-
sively show what wonderful combat materiel, including artillery weapons,

our Armed Forces have at their disposal at present.

The Secretary General of the CC of the CPSU, Comrade L. I.

Brezhnev, observed on 3 November 1967 in btis report, "Fifty Years of
Great Victories for Socialism," that "The Soviet Army today is a mighty,
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formidable and invincible force. It is nrmed with the best weapons in
the vorld. Soviet fighting men -- from soldiers to marshals and from
sailors to admirals -- are veritable experts in military affairs, with
perfect martery of military science and of the superb ecuipment entrust-
ed to them, They are pecrle of boundless devotiecn to our party and

to the cause of communism!®
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Chapter 11
DOES ARTILLERY HAVE A FUTURE?

1 ce of ts e of the "Shell or L -
len

During World War II artillery was the principal fire striking
pover. It wiped out and destroyed the enemy's persomnel and materiel,
demolished his engineer installations, supported infantry and tank of-
fansives,

This function of artillery was in keeping with the then-accepted
views on fighting battles and conducting operations, which envisaged
the inflicting of powerful coordinated blows on the enemy in the full
depth of his operational troop dispositions by aircraft, artillery,
tanks and infantry. In these blows artillery was regarded as the
decisive weapon of fire for effect.

In the course of World War II a new fire weapon appeared --
field rocket artillery. Priority in the massed employment of rocket
shells for the delivery of collective fire goes to the Soviet Amy.
This is evidenced by the history of the development of the famous
Soviet "Katyushas" and their combat employment on the fronts. The
Great Patriotic War conclusively demonstrated the might and viability
of this new type of weapon. It is important to emp*.isize that Soviet
rocket shells, developed even befcre the start of the war, had a de-
cisive influence on the development of rocket armament abroad both
during the war and in the postwar period.

The sphere of employment of the reaction principle in models
of weapons was not limited to the sphere of field rocket artillery
alone. Rocket shells came into service in the infantry as a close-
combat weapon, as well as in the tank forces, antiaircraft artillery,
aviation and the navy.

Long-range guided missiles, used in the concluding stage of
World War II, have a special place in the development of rocket arma-
ment. ‘ine appearance of rockets portended the solution of artillery's
touchiest problem -- that of ultra-long-range fire.

As is known, the main obstacle in the path of an increase in
the ranga of artillery fire to several hundreds of kilometers was the
physicochemical nature of the existing powders, whose composition,
astablished dozens of years before, had changed little essentially
during World War 1I, For example, the best nitroglycerin powders
could provide a theoretically maximum muzzle velocity of a projectile
of .about 2800 m/sec, but in practice this limit at that time amounted
to approximately 1700 m/sec. But even this muzzle velocity of a
projectile led to a sharp decline in the life of a gun, and an inordi-
nate increase in size, and a complete loss of maneuverability.

Attempts to solve the problem of yiltra-long-range fire by im-
proving rifled artillery were made as eariy as World War I. The
Germans, for example, created the famous "Kolossal® gun with a muzzle
velocity of 1600 m/sec and range of fire up to 120 km. The gun barrel
was 25 m long, and the weight of the entire system 157 tcns., After a
few rounds the gun went out of commission.
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Calculations show that in order to fire for a distance of up to
250-300 km at a muzzle velocity of 2000 m/sec a piece must have a bar-
rel 150-170 m long, which is unrealistic in practice.

It became clear that the problem of Ultra-long-range fire could
not be solved with conventional artillery. A new weapon was required.
Rockets were such a weavon. Thelr advantages in the sphere of ¢ltra-
long-range fire as corpared with ordinary artillery were incontestable.
Rockets do not need the powerful initial dynamic thrust to put artil-
lery projectiles into motion.

From amamg the combat weapons constructed on the reaction prin-
ciple, field rocket artillery, with a range of fire which was small,
had the greatest development during World War II. Not one of the bel-
ligerent states used tactical missiles with a range of fire amounting
to tens of kilometers in combat operations. Work to create tactical
missiles was only in an initial exploratory stage. N> scientific and
technical solution of this problem had yet been found by the end of
the war.

At the same time, operational-tactical missiles with a range of
200-350 km were used in practice. In this case the complexity of design
of the missile systiem was of secondary importance since it was justi-
fied by the capability of destroying important strategic targets hun-
dreds of kilometers removed from the front line and strongly defenxded
against air attack.

Combining the rocket with a nuclear warhead led to large-scale
revolutionary transformations in military affairs during the postwar
years. A fundamentally new weapoil of stupendous destructive power ap-
peared.

The problem of ®shell vs. rocket® emerged.

Due to the rapid development of the rocket-nuclear weapon mili-
tary specialists of the capitalistswere very skeptical in rating the
rrospects of further development of tube artillery and mortars. It
was asserted that in the nuclear age artillery had had its day and that
it had no future. It became modish to talk about the artillery "cri-
sis." It was predicted, for examvle, that artillery pleces would be-
come as extinct as mammoths. A few even suggested thot "artillery be
retired without pension or uniform.”

In numerous discussions on the subject of "shell vs. rocket"
foreign specialists noted that missiles could successfully perform all
artillery functicns.,

These views were reflected in the organizational measures car-
ried out during the 1950's in the ground forces of the principal capi-
talist states: the number of guns was sharply curtailed. It is known,
for example, that in the U.S. Army organic division artillery had been
almost )halved by the beginning of 1957 (46 pieces instead of 72 re-
mained).

However, the pessimistic forecasts were not vindicated. In
recent years the attitude abroad towards artillery has altered dras-
tically. An evolution is evident in the views regarding the role and
prospects for development of artillery -- from a denial of its future
(at the end of the 1940's) to the practical implementation cf a broad
program of reequipping armies with modern new artillery pieces and
mortars (1960's).
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It was found that missiles cannot perform all the functions char-
acteristic of artillery and if they are capable of doing them, perform-
ance is costlier and sometimes worse. Specialists began to say that
missiles and artillery have their own specific spheres of combat em-
ployment where they can be used with maxisum effect.

The American command, for example, after a number of troop ox-
ercises came to the conclusion that the amount of artillery left in a
divisior after the cutback did not at all suffice to provide direct
fire support for troops on the battlefield. It was found that an
American division was fit only for nuclear warfare and altogether in-
capable of cperating under ordinary conditions. The decision was
made to increase the number of divisional artillery pieces from U6 to
64 at first, and later to 76 pieces, i.e. more pieces ver division
than prior to the reorganiation.

Foreign specialistc also note a number of important advantages
which conventional artillery hzs over tactical missiles: high preci-
sion of fire; simplicity of construction and combat employment; con-
stant readiness for immediate opening of fire without special prepara-
tion; trcuble-free opveration and dependabiliiy under any climatic
conditions, in any seascn cf the year and at any time of day; relative-
1ly low cost of production ete. It is believed that troops under
modern conditions need ravid fire support and concentration of fire on
targets against which nuclear weapons cannot be employed. Therefore,
ground artillery is characterized as an indispensable means of provid-
ing accompanying fire for tanks, of overwhelming antitank weapons and
observation posts, and of destroying enemy fire weapons and personnel
in the immediate vicinity of friendly troops.

In the sphere of fire weapons for antiaircraft defense it once
seemed that antiaircraft missile systems would assume a monopoly posi-
tion and that the "shell vs., rocket" problem would be settled irrevo-
cably in favor of the rocket. Many foreign svecialists thought so
when at the end of the 1950's a number of countries developed modern
antiaircraft missile systems capable of intercepting subsonic or super=
sonic aircraft, as well as medium- and high-altitude winged missiles.

However, in the autumn of 1959 an event occur.ed in the United
States which allerted American military specialists. A strategic
bomber crossed the entire expanse of North America from east-to west
2t an altitude of 150 m and . . . remained undetected by a single
radar station.

In the opinion of foreign specialists, serious shortcomings of
antiaircraft missile systems have come to light: their radar appara-
tus has been found incapable of detecting and tracking low-flying
targets. In addition, it takes a comparatively great deal of time to
zero mobile antiaircraft missile systems. As a result, the problen of
covering troops on the battlefield became especially acute.

Two organic antiaircraft missile systems -- "Chaparral” and
"Redeye," equipped with infrared homing devices that are sensitive to
the temperature of a target's exhaust gases -- were developed in the
U.S. Army to combat aerial tarrets at low altitudes., However, these
missiles too, speclally develoved to ccmbat low-flying targets, were
found to bave significant shortcomings. Their homing devices were in-
effective in the direction of the sun, and the range of this zone was
fairly considerable. Missiles are launched at a target only in an
"overtaking direction," i.e. after the target has overflown the rocket-
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launching site, using its weapons. Hence it follows that the probabil-
ity exists that both the missile and the personnel launching it will
be wiped out before the launch takes place., Antiaircraft missiles of
the Chaparral and Redeye type have yet another shortcoming., They have
no identification, friend or foe (IFF) system. In this connection,

an American flyer has remarked, "Friend or foe will have to be sorted
out according to the debris on the ground.”

To solve antiaircraft defense problems under field conditiens,
recourse is again being had abroad to antiaircraft tube artillery.
This is dictated by two reasons: the war experience in Vietnam, where
the DRV [ﬁemocratic Republic of Vietnag7 Army has successfully shot
down American alrcraft with antiaircraft artillery fire; and the short-
comings of existing antiaircraft missile systems. It is noted that
the leap frcm tube artillery to guided antiaircraft missiles was made
too guickly and that it is premature to discard tube artillery. In
the foreign military press voices have even begun to be heard speaking
about the decline of the *missile era."

Some American, West German and other specialists assert that
as soon as aircraft swoop towards the ground, there is no more effec-
tive weapon to combat them than gutomatic antiaircraft guns. They are
mobile, simple to service, reliable and exceedingly effective in com-
bat,

In this connection, a World War II experiment is recalled when
antiaircraft artillery achieved gocd results at short ranges with
massed concentration of fire. The experiment was staged as follows.

A battery of 30-mm antiaircraft guns fired on a fighter plane flying
at a range of 1000 m at close to sonic speed. The probability of hit-
ting such a target was found to be close to 100 percent. It is also
suggested abroad that a return be made to certain old tactical methods:
that barrage fire, rather than aimed fire, be conducted against air-
craft. This is believed to be ouite an effective means of combating
aerial targets that are visually invisible and untracked by radar.

Military specialists who are more cautious in their conclusions
note that the Vietnam war experience vroves only the need to change
the disproportion in the development of air-defense ordnance and
missilery in favor of antiaircraft guns. The vress has reported that
the Americans are setting up in their forces mixed antiaircraft divi-
sions, armed with guided Chaparral antiaircraft missiles and 20-mm
self-propelled antiaircraft six-barrel Vulecan guns, As a whole, the
"Chaparral-gun” system should, according to the concepts of the de-
velopers, be effective in combating various low-flying of fensive
aircraft -- from helicopters to supersonic planes, but under condi-
tions of clear visibility.

Thus, the necessity of employing antiaircraft missile systems
and antiaircraft guns in combination in modern air defense is recog-
nized abroad. It is noted that the effectiveness of antiaircraft mis-
siles is not great within a fairly large close-in zone around launch-
ing sites, but then it increases to significant effectiveness within
the limits of the zone of controllability as distance to target in-
creases. At the same time, it must be borne in mind that it is
missiles that "corral" aircraft intc low altitudes where the fire of
antiaircraft guns is deadliest for them.

Antiaircraft artillery is widely employed on all classes of
modern surface vessels and especially on small ones where it is impos-
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sible to accommodate antiaircraft missile systems which weigh a great
deal and require much space. On small vessels automatic
antiaircraft artillery is at present the basic and sole means of self-
defense against the enemy in the air,

Thus, artillery and missiles in our day are not regarded as
mutually exclusive, but as complementary weapons.

2, Scientific and Technical Progress and Artillery

It should be borne in mind that scientific and technical progress
has extended not only to the latest types of missiles, but also to con-
ventional weapons., The tremendcus progress of science and technology
during the 1950's and 1960's gave rise to a new approach in the evalua-
tion of the role of these weapons and their capabilities. There has
e en begun to be talk now of the renaissance and development of artil-
lery on a new technological basis.

For example, in the development of modern artillery pleces and
mortars and the ammunition for them it has become possible to use the
latest materials, inciuding high-strength light alloys and especially
strong alloyed steels, powders and high-strength explosives, high and
ultra-high powder gas pressures, completely or partially combustible
shell cases, proximity fuzes. There has been an increase in the assort-
ment of casualty-producing ammunition -- new shaped-charge and subcali-
ber shells, fragmentation and high-explosive fragmentation shells -~
as well as special-vurpose ammunition -- illuminating shells, smoke
projectiles etc. Rocket-assisted projectiles and mortar shells have
significantly increased the range of fire of guns and mortars.

Modern artillery instrumentation has changed beyond recognition.
This has made possible a significant increase in the precision of fire
-- the most important indicator of artillery combat effectiveness.

In our day ground forces and artillery are equipved with ground-
search radar, numerous infrared devices -- sights and night-vision
devices, laser devices, sound ranging observation sets and weather
stations, topogeodetic survey equipment, electronic comnuters.

All this taken together has raised artillery to a qualitatively
new level,

Modern artillery will find wide employment in battle and in op-
erations, above all in combating the enemy's tactical nuclear weapons
and artillery, tanks, electronic equipment and many other targets.

The armies of the capitalist states with developed war industry
are seeking ways of improving artillery weapons further. Thus, in the
United States and other Western countries there has been a significant
heightening of the rate cf development cf new guns and mortars so as to
take into account the conditions of nuclear war. The Americans, for
example, have twice modernized their artillery in the past decade. A
great deal of work along this line is uncer way in the French, English
and West German armies.

The development of tube artillery abroad at present is aimed
towards a further rise in the power and effectiveness of ammunition,
an increase in the range and precision of fire, an lmprovement in
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mobility and cross-country ability. Requirements that guns be air-
transportable and buoyant are becoming mandatory.

The problem of increasing the power of guns and of raising the
effectiveness of the action of ammunition at the target is being solved
by the creation of nuclear ammunition. In the United States, for exam-
ple, shells with nuclear charges have been developed for the 280, 203,
175 and 155-mm guns, 28 well as for the "Davy Crockett" recoilless rifle.

Something fundamentally new is the creation of nuclear ammmition
in the field artillery. Jombining the most powerful means of destruce
tion and mass annihilation (muclear charge) with the most economical
means of delivering this charge to the target (artillery shell) trans-
forms conventional artillery into a qualitatively new type of weapon.

Under study are the possibilities of using light gases (helium,
hydrogen etc.) to obtain ultra-high muzzle velocities -- over 3000 m/sec.
For example, tests have been made in the United States under laboratory
conditions of an experimental 40-mm mount using helium, which is heated
in the combustion chamber by hydrogen vapor burning in oxygen. It is
known that the heavier the weight of the charge, the greater is the
proportion of the inefficient expenditure of the energy from the explo-
sive decomposition of powder for the transport of charge particles and
decomposition products along the bore. Therefore, attempts are being
mede to replace powder with liquid propellants.

Research 1s under way on problems in the use of electric power.
The idea is to create guns which will fire by using the heat and gases
generated due to a powerful electric discharge inducing the formation
of shock waves.

Aircraft are developing rapidly in our day. Modern alrcraft
have high performance characteristics and are capable of carrying out
combat misslons under complex meteoroclogical conditions with diverse
variants of armament (cannons and missiles) in a wide range of speeds
and altitudes.

Nor are antialreraft weapons standing still. There are now multi-
barreled, rapid-fire mobile systems. They are automated, and have their
own * reconnalssance radar and computer equipment. For example,
Soviet antiaircraft artillery systems with their high precision of fire
in any weather by day or night make it possible to cover troops continu-
ously in all kinds of highly mobile combat operations and to corbat
airborne landings as well as ground and surface targets. Of special
importance is the fact that these systems, operating in the prebrttle
and battle formation of motorized rifle and tank chasti and podrazdele-
niya can deliver accurate fire on the move.

The progress in natural sciences, mathematics and technology
at the middle of the twentieth century resulted in amazing achievements
in the field of radio electronics, which plays a revolutionary role in
military affairs. The creation of devices for recording the subtlest
varlations in the parameters of various processes and phenomena, the
development of electrophysical and electrochemical methods of treating
nmaterists, the invention of lasers and amplifiers, the use of electron-
ic coniputers and power semliconductor devices -- all these are the re-
sults of the development of radio electronics, which 1s now widely used
in artillery. For example, electronic comwuters opened up inexhaustible
possibilities of replacing many logical functions of man, They not only
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store a tremendous volume of information and perform mathematical overa-
tions immeasurably faster than man, but they also solve exceedingly com-
olex logical problems and select the optimum ways of solving them.
Electrcnic comouters are employed in preparing initial firing data.

Soviet artillery wearons incorporate the latest achievements of
Soviet science and technology, the fruits of the selfless labor of sci-
entists, designers, engineers and oroduction workers,

Artillery has not only not lost its significance in our day,

but as oreviously it is one of the powerful means of routing the enemy
in close combat. It backs up the co bat operations of tank and motor-
ized infantry forces. OCnly artillery fire, suovorting the infantry and
tanks in direct contact with the enemy, can assure the safety of friend-
ly troors. Even in nuclear missile warfare, artillery will be the basic
means «f direct fire support of trooovs, especially in the enemy's tac-
tical derth cf defense.
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Chapter I1I
PURPOSE AKD COMBAT CHARACTERISTICS OF ARTILLERY PIECES

1, Classification of Artillery

The power of artillery lies in fire. Artillery operates in all
types and phases of combat in close cooperation with tanks, infantry,
aircraft and other arms of the service, helping them with artillery
fire in the performance of common combat missions. Artillery neutral-
igzes the enemy's resistance and clear the way for friendly troops in
an attack, It imparts firmness to the defense by interdicting the
enemy's path.

Artillery is prised for its might, its constant readiness for
immodiate opening of fire, and its troublafree operation under any
climatic conditions at any season of the year or time of day.

The basis of artillery combat employment is the combining of
powerful fire with maneuver. Under modern conditions artillery is
capable of performing a wide range of diverse functions in combst and
in operations:

combat with the enemy's tactical nuclear missiles;

destruction and neutralization of artillery and mortar batteries,
including atomic batteries, and other fire weapons;

annibilation or neutralization of enemy psrsonnel;

combat with tanks, self-propelled guns and other mobile armored
combat means;

destruction of manned and unmanned aircraft, helicopters, air-
borne landings and cther aerial targets;

combat with the enemy's eloctronic weapons;
demolition of fieldwerks and permanent defensive installations;

disruption of enemy troop control and neutralization of his rear
(interdiction of the moving up of reserves, the bringing up of ammuni-
tion, rations etc.).

For reliable performance of these missions modern artillery is
armed with many artillery pleces of the most diverss kinds and types,
each of them having a strictly defined combat function and distinctive
design features.

Kinds of Artillery

In respect of organizational affiliation, the artillery of
ground forces is subdivided into organic artillery, which is organiza-
tionally part of soyedineniva, chasti and podrazdeleniya, and general
reserve artillery, i.e. separate artillery chasti used for the quanti-
tative and qualitative reinforcement of organic artillery,

Whereas organic artillery constantly operates as a part of

friendly chasti, general reaserve artillery is attached to troops only
as needed for the performance of spocific combat missions, and after

— Tﬁ#ﬂ
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these are executed it reverts to the disposition of the high command.

Organic artillery in turn is usually subdivided into battalion,
rogimertal, division, corps and army artillery.

In respect of place of opsration and character of targets,
artillery is divided into ground, antiaircraft, aircraft, coast and
shipboard artillery.

Oround artillery is intended to strike ground targets, sid anti-
aircraft artillery aerial targets. Antiaircra t artillery is also
capable of deliraring fire on ground targets. The ground and antiair-
craft artillery of land forces is sometimes designated by the common

Aircraft artillery serves as the armament of combat aircraft.
Aircraft canncns are automatic and have a high rate of fire,

Coast artillery is employed for coast defense. It is capable
of engaging enemy ships and preventing seaborne assaults.

Shipboard artillery includes guns for combating waterborne,
coastal and aerial targets.

Special-purpose ground a-tillery includes:
antitank artillery to combat tanks;

self-propelled artillery to accompany and provide fire support
for tanks and infantry;

tank artillery for tank armament;

mountain artillery for combat operations in mountainous and very
ruggel terrain;

casemate artillery for the armament of fortified areas.

In respect of the technique whereby muzzle velocity is imparted
to the projectile, a distinction is drawn between tube artillery and
rocket artillery; and in respect of bore construction, between rifled
and smoothbore.

According to the mode of locomotion, artillery can be classified
as:

towed -- borne in a trailer behind prime movers;

auxiliary propelled artillery -- supplied with an engine and
necessary apparatus for self-propulsion directly in the combat area;
for great distances it is towed by prime movers as a rule;

self-propelled -- on tracklaying or wheeled chassis;

tank artillery -- mounted in tanks;

portée artillery -- transportable in vehicle bodies or in ar-
mored carriers (for example, some recoilless guns and mortars);

pack artillery -- carried on pack animals in mountains;
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o railroad artillery — mounted on armored trains or special car-
ors.

The division of artillery into light, medium, heavy and supet-
heavy is now obsolete and is rarely used. Heavy and superhe:vy artil-
lery have been replaced by tactical missile systems. The classification
of tube artillery by caliber remains: small-caliber pieces (20-57 mm),
sedium caliber (75-155 mm) and large caliber (over 155 mm).

Types of Pieces

Historically there has arisen the division of artillery pieces
into the following basic types: guns, howitzers, gun-howitzers
(howitzer-guns), beavy mortars (mortirs), trench mortars (ginomet),
recoilless guns, combination guns, and rocket systems,

This diversity of types of artillery armament iz due to the
variety of targets which have to be hit by artillery fire, There are,
for example, vertical and horitontal, moving and staticnary targets.
Vertical targets are tanks, self-propelled guns, armored carriers,
buildings adapted for defense etc. Borizontal targets include fox-
holes, fire trenches, connecting trenches etc.

To hit a rapidly moving tank, an antitank gun must have a flat
(low) tra; .tory, the height of which does not exceed the height of the
tank itself, This requires excepticnally high muzgle velocity of the
projectile, for example, 1000 m/sec or more. Such velocity primarily
affords high combat effectiveness, Antitank guns can even fire on
tanks with dum.y shells which have no explosive. The tank in this
case will be damaged by the kinetic energy of the shell at the moment of
impact with the target. The force of such an impact amounts to one
million h.p. or more.

Figure 13. Flight paths of shells fired from a gun (1),
howitzer (2) and mortar (3).

¢

The great flatnass of trajectory characteristic of guns is dis-
advantageovs in a nurber of cases, A target can, of course, be safely
concealed from a gun in accidents of the terrain, in trenches, trench
shelters, foxholes, ravines etc. To hit such targets, one must have a
weapon with a steep trajectory, i.e. a howitzer or mortar (Figure 13).
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Let us consider the principal characteristics of the basic types
of artillery pleces.

Ouns serve for the annihilation of open veriical targets, as
well as for long-range fire., The characteristic features of guns are
long barrels, high muzsle velocities of projectiles, flat trajectoery,
high rate of fire. They surpess all weapons of other types in maximum
effective range and penetration effect of shells., However, given thelr
caliber, guns are the heavie#t weapons since their long and heavy bar-
rel and the great recoil on firing necessitate strong and massive car-
ﬁag‘a.

Howitzers are intended for the destruction of defensive instal-
lations and for hitting targets under cover. Therefore, the flight path
of howitzer shells is steep and plunging; muzzle velocity is low (400-
60C m/ser or less). Howitzer barrels are short; calibers large; shells
heavy; maximum angles of elevation 65-75°, Howitgzers have a multisec-
tion charge, the magnitude of which can be varied immediately before
loading. The number of charges for howitzers runs as high as 10-13.
Variation in the curvature of the trajectory and range of fire is thus
achieved with a constant angle of elevation. The fact that the charge
is multisection makes a howitzer round more economical,

Given the same caliber, the weight of a howitzer is a half or
a third the weight of a gun, and given the same weight as a gun, a
howitzer can have a considerably larger caliber,

Howitzers are inferior to guns in rate of fire. This is due
to the difference in the method of loading. Guns, as a rule, are fired
with one constant charge. This makes it possible, by means of the
shell case, to unite shell and oharge into a single whole, i.e, a fixed
round. This cannot be done in the howitzer, however, since there are
several charges. Whereas no preparation of the charge is required be-
fore firing from a gun, before each round from a howitzer the pre-
scribed charge has to be prepared, i.e. the required number of powder
sections must be removed from the case. A gun is loaded in one go.
A howitzer has separate loading, which is more complicated: first the
shell is inserted in the breech of the barrel and forced home just
encugh toengrawe the rotating band into the start of the rifling
grooves; then the case with the powder charge is put in beh‘nd the
projectile.

Gun-howitzers (howitzer-guns) are pleces of an intermediate type,
capable of performing fire missions of both a howitzer and gun charac-
ter. Thus, as early as the prewar years one of the best World War II
pieces -- the 152-mm gun-howitzer M1937 -- was created in the Soviet
Union under the leadership of Hero of Soclalist Labor F, F, Petrov,
This plece combined with exceptional success the properties of howitzer
and gun. The gun-howitzer was able to deliver fire at angles of eleva-
tion up to 65° and had 13 multisection charges. These, of course, are
obvious howitzer characteristics, Howsver, with the maximum charge it
hurled a projectile with muzzle velocity of about 700 m/sec for a great
distance. This was its gun quality.

Usually a r ace whose characteristics are closer to guns is
called a howitzer-.un.

Heavy mortars (mortirg) are artillery pleces with howitzer char-
acteristics developed to the maximum., They are intended for the
destruction of especially strong defensive installations. They hava
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large calibers, short barrels and a very steep trajectory. Fire from
heavy mortars (mortira) is usually delivered at angles of elevaticn
greater than 459 -- hence the term "mortar fire" (mortirnavs strel'ba).
Heavy mortars (mortirg) have gone out of use in our day. Their role is
now filled by trench mortars (mipomet).

Trench mortars (minomet) are smoothbore weapons firing unrota-
tive finned projectiles -- mortar shells. They differ from rifled
pleces (guns, howitzers and heavy mortars (mortira)) in the simplicity
of their construction, light weight, and steep trajectory (angles of
elevation from 45 to 85°).

Trench mortars are employed to hit enemy personnel and fire
weapons in open country and under artificial and natural cover: in
foxholes, trenches, dugouts and ravines, behind reverse slopes, in
woods. The great curvature of trajectory makes it easy to select and
camouflage firing positions for mortars, and makes it possible to de-
liver fire from deep cover (ditches, ravines, woods) and over the head
of friendly forces.

The most valuable characteristic of the mortar (minomet) is its
light weight despite the great power of mortar shell effect. For exam-
ple, the 120-mm mortar MI943 is nine times lighter than the 122-mm
howitzer M1938 which is close to it in caliber, and 22.5 times lighter
than the 122.mm gun M1931/37. These same merits, albeit to a somewhat
lesser degree, are characteristic of large-caliber mortars as well
(160-mm and 240-mm), p

Table 5

AVERAGE VALUES OF CERTAIN CHARACTERISTICS OF GUNS,
HOWITZERS AND MORTARS

yan 2 - R )THOmene "'c.‘a
A o6paseu opysun 13(;::::'11“/(:%0 kﬂnuua‘(:;nona l op\c';-ll;;;:anecy
1 iy 650—1000 40—75 ' 180—350
2 layGuan 400—600 2035 100--180
3 Munomerul 100—350 10—25 15—30

Keys:

A. Type of weapon
1, Guns
2, Howitzers
3. Mortars
B. Muzzle velocity, m/sec

C. Barrel length, cal.

D, Ratio of weapon weight to shell weight
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Table 5 presents generalized data characterizing the various
types of pleces, Here it should be borne in mind that in artillery,
barrel 1 is more frequently determined not in measures of length
(m, cm, mm), but in relation to the caliber of the piece, i.e. it is
indicated how many times the caliber of the piece can be divided into
barrel length. For example, if the absoluts barrel length of a 76-mm
gun equals 3215 mm and its caliber is 76.2 mm, then relative barrel
length will be 3215 ¥ 76.2 = 42,2, In such case it is usuallr said
that the barrel length of the gun equals 42 calibers.

Recollless guns are employed in the main to fire on tanks
with shaped-charge or mortar shells. The distinctive featurs of the
construction is that there are nozszles in the breech of the barrel
for the escape of gases to the ocutside, i.e. in the direction oppesite
to that of the shell's motion. In the process, dynamic equilibration
takes place -- the barrel remains motionless despite the shot. The
principal merit of recoilless guns is their light weight.

Combination guns is the name given systems which combine basic
design elements of guns of various types. Most frequently the basis
of a combination gun is a mortar barrel set on a light howitzer car-
riage. Caliber and combat effectiveness of fire are significantly in-
creased, and the weight of the entire gun is markedly decreased, For
example, a combination gun, the "Howtar,® which is a combination of a
106.7-am wortar barrel and the carriage of a 75-mm mountain howlitzer,
bas been adopted for service in the U.S, marines.

The rocket systems of field rocket artillery are intended, as a
rule, for the delivery of S$alvo fire on comparatively large targets
and areas with powerful shells of fragmentation, high-explosive and
other effect. Such systems have a rocket shell equipped with a tail
unit, which is unrotativé in flight, or a spin-stabilired missile which
spins in flight. Both types of projectile arz of the powder type and
are unguided. The rocket engine mgkes it possible, in principle, to
eliminate the effect of recoil and therefore to get rid of cumbersome
carriages and barrels made of expensive and scarce steel.

The launcher for rocket-shell salvo fire is sirple in its con-
struction: it is a package of launching guides of rail, frame or otber
design, mounted on a motor vehicle, armored carrier, tank. Packages
or individual guides for rocket shells can also be placed on aircraft,
helicopters and ships.

It should be noted that accuracy of fire for unguided rocket
shells is far worse than for mortars, howitzers and guns, This short-
coming is compensated for by the almost simultaneocus release of a large
nuxber of shells,

Thus, each type of artillery weapon here considered has its val-
uable characteristics, but at the same time certain shortcomings. How-
ever, none of these types of guns in any wise excludes another. They
each merely complement one another in the performance of diverse artil-
lery cokbat missions. Under modern conditlions troops need both guns
and howitszers, as well as mortars and recoilless guns and missile sys-
tems,
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2, Combat Characteristicy of Gung

The basis for the evaluation of any artillery weapon is primari-
ly its combat characteristics, These include caliber and power of the
sholls, maximm effective range, precision of fire, rate of fire,
mansuverability of firs, mobility, buoyancy and air transportability.

Caliber and Power of Spells

Caliber is the name given to the interior diameter of the barrel.
In rifled guns callber 1s customarily regarded s bore dlameter between
opposite lands.

At present, calibers are mearsured in millimeters, for example, a
90-am gun, 120-mm wortar,.155-mm howiteer etc. Isolated countries (the
United States, England etc.) retain the inch designation of caliber for
old guns, It sbould be borne in mind that in converting the designa-
‘ions of the commonest calibers from inches into the metric system,
rounding off is permitted. Thus, 76-, 122-, 152- and 203-mm calibers
are in fact 76.2-, 121.92-, 152,4 and 203.2-sm calibers respectively.

Caliber is the principal and decisive performance characteristic
of any plece. The power of a given artillery weapon is judged from its
caliber,

The power of a gun depends in significant measure on the power
and effectiveness of shell action at target, which are determined by a
number of factors, among which shell weight figures declsively. Shell
weight is in turn a function of caliber, Obviocusly the larger the cali-
ber, the greater is shell weight. The weight of a piece grows with an
increase in caliber, and its mobility declines correspondingly. An in-
crease in caliber and, consequently, an increase in shell weight cannot
fail to affect a plece's rate of fire,

Caliber carnot be considered in isolation from other performance
characteristics, apart from the structural solution of the contradic-
tory requirements of power and mobility in the gun. World War II expe-
rience showed that guns differing both in purpose and in their charac-
teristics were created with the same caliber. In some guns there was a
successful combination of power and mobility; full consideration was
glven to the numerous pluses and minuses, and a margin of power was pro-
vided for the contingency of probable strengthening of enemy armament,
Such systems were assured a long combat life, Many Soviet artillery
weapons, for example, the 57-mm antitank gun Ml943, 122-mm howitger
M1938 etc. rationally combined power and mobility. In particular, during
the war these guns served as the basis for the creaticn of new, even
more powerful systems, at the same time preserving high mobility. Thus,
a 76-mm barrel was set on the carriage of a 57-mm gun and a new 76-mn
division gun was obtained; a 152-mm barrel on the carriage of a 122 -rm
howitzer and a nev 152-mm howitzer was created. In a number of foreign
models designers did not succeed in finding a good solution of the cen-
tral "power-mobility" problem. Such pieces proved shortlived and were
doomed to be replaced, something which under wartime conditions in-
volved certain economic difficulties,

Gun calibers increased everywhere during the war, especially in
antitank and antiaircraft artillery. Whereas ‘he Germans, for example,
at the beginning of the war had only 37-mm and 50-mm antitank guns,
Juring the war they were obliged to adopt for service 75-mm and 88-mn
guns, and they developed experimental models of 105-mm and 128-mm anti-
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tank guns. An analogous picture was observed in antiaireraft artil-
lery too -~ from the 20-mm and 37-mm guns at the begimning of the war
to 75-, 88- and 105-mm antiaircraft guns at war's snd. In addition,
128-mm and 150-mm antiaircraft guns remains in the stage of unfinished
experimental development.

The maximum artillery caliber during World War II was obtained
in an experimental model of the American 36-inch "Little David" mortar
o 91‘5 o,

In the past decade the ground artillery cf foreign armies vir-
tually renounced both small and very large calibers. For example, 105,
155, 175 and 203-ma caliber pieces constitute the basis of modern Ameri-
can field artillery. In the antiaircraft artillery the picture is
different. Here the functions of medium- and large-caliber antiair-
craft guns have been transferred to antiaircraft guided missiles, while
automatic small-caliber (20, 30, 35 and 40-mm) antiaircraft guns to
combat low-flying aerial targets are under intanse development.

Madmm Effective Range

One element of the power of artillery is the maximum effective
range of pieces, i.e, the ability to hit targets at a great distance.
Sometines maximum effective range is regarded as the ability of a gun
to support combat operations with friendly fire continuously without
frequent shift of fire positions.

For ground field artillery maximum effective range is range of
fire; for antiaircraft artillery it is range of fire and altitude; for
antitank artillery it is the range that is effective for armor-plerc-
ing capability and hit probability.

Maximum effective range depends on many factors: design of the
piece, shape, weight and distribution of shell mass, size of charge,
angle of elevation of barrel., Maximum horizontal range of fire is
usually reached at barrel angle of elevation of about 45° (angle of
maximum range). In so-called superrange fire (over 40 km) the angle
of elevation equals approximately 53°. In this case the shell will
enter the stratosphere at an angle of b5°,

Antitank and tank guns are characterized by point-blank range,
i.e, maximum range of fire at whichb height of trajectory does not ex-
ceed height of ot (2 m as applied to tanks). Firing on tanks at
point-blank range (1000-1500 m) significantly raises the probability
of hitting them.

During the course of World War II a tendency was observed to-
wards an increase in the range of field artillery pleces, However,
this was not the objective purpose, but rather the result of the
realization of other more important requirement set for artillery by
the troops. During the war it was found that fire from field pleces
at a distance of over 10 km was not effective enough owing to the im-
possibility of arranging for reliable observation of shell bursts,
Therefore, such fire did not become widespread. Flield artillery, to-
gether with special long-range artillery, was used only in special
cases, for example, in the organization of counterbattery activities,
in fire intended to disrupt enemy troop control and operation of the
rear area, when reconnaissance, observation and fire adjustment were
provided.
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For effective antitank warfare the main aim was to increase
the mussle velocity (velocity of the shell at the moment it leaves the
bore) of conventional armor-plercing and subcaliber projectiles, i.e.
to enhance tne ballistics of antitank guns and provide maximum point-
blunk range. This was the basic way of improving flat.trajectory field
pleces, Incidentally another problem was solved -- that of increasing
the range of fire of high-explosive fragmentation shells. For exaaple,
our 10C-mm field gun Mi9%4 was doveloped mainly as a powerful antitank
gun to combat tanks of the "Tiger®” and "Panther® type. However, since
it possessed bigh muszle velocity (about 900 l/uc;‘:‘it wss able when
required to fire high-explosive fragmentation shells for a distance of
over 20 km, Once more the old truth was corroborated: good maximum
effective range never hurts a gumn.

As for special-purpose artillery (beavy and superbeavy artillery,
siege artillery, railroad artillery), here the problem of maximum effec-
tive rangs coupled with the power of the effect of high-explosive
shells became the principal problem. For its barbarous shelling of
Leningrad during the Great Patriotic War the Hitlerite Army used 150-
to 420-mm caliber siege artillery, some of the pieces (170-mm and 240-mm
gmns) bhaving a range of fire as long as 28-31 Im,

Some models of German railroad artillery had even greater
ranges: 36-37 km (203-sm and 283-zm guns), 40 Jm (806-sm gun "Dora*),
42 Jm (380-mm gun "Siegfried®), 47 km (283-mm gun "Brunc®), 57 ks {283-
m gun "K.5") and even 120 km (210-sm gun *K-12"), The weight of these
guns in firing position was extraordinarily great - from 86 to 308
tons, Of course, these large-caliber weapons, of which there were only
a few, were unable to have any appreciable influence on the course or
outcome of even individual operations. These guns are of only historical
interest, attesting to the persistent, albeit unavalling attempts of
the Germans to solve the problem of superrange fire with the methods of
classical artillery.

Foreign military specialists believe that the maximum effective
range of tube artillery can be increased through the use of high and
ultrahigh preéssures in gun barrels,through the use of rocket-assisted
projectiles (combining the propertiss of conventional and rocket
shells), and through the use of light gases (helium, hydrogen etc.) in
order to obtain ultrahigh smzrzle velocities of 3000 m/sec or more,

Frecision Fi

This is one of the most important characteristics of any fire-
arms. Precision of fire consists of a close pattern of shooting and
accuracy of fire,

Close pattern of shooting is the name customarily given to that
property of weapon and ammmition which makes possible the grouping of
points of impact of shells in a minimal area, The close pattern of
shooting of a specific weapon is characterited by the ratio of longi-
tudinal (P].ong) and lateral (Plat) probable error to rangs X. A piece

is considered good if the ratio Plong/x is a range of 1/300 = 1/400,
and the Phtll ratio = 1/1500 + 1/2000. The smaller this ratio, the
better the close pattern of shooting of the weapon,
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For antitank guns on vertical targets (tanks, armored
carriers etc.) the ratio Py, /X, 1.e. the ratio of vertical probable

error to rangs X, is of great importance.

The better the close pattern of shooting, the quicker can the
target be hit with less expenditure of projectiles.

It 1s customerily throught that closeness indicators are the
opposite of dispersion indicators. The less the dispersion, the
closer the pattern of shooting,

It is known that even with the most careful cbservance of all
rules and conditions of firing from a gun, the projectiles discharged
one after another do not fly along the same trajectory. They form,

80 to speak, a sheaf of trajectories radiating from the mugzle of the
Plece. Thus shells are dispersed over an ares. Dispersion results
from the combined action of many causes, which give rise to random
deviztions in the conditions of the projectile’s flight, and these
deviations differ for every round. For example, dispersion of muszzle
velocities is dependent upon nonuniformity of powder charges and vari-
ations in their temperature and moisture content, on deviations in the
magnitude of the weight of the projectile etc. Dispersion is signifi- °
cantly affected by the inadequate stabllity of the piece during firing
if the plsce is poorly braced in the fire position. Diversity of shell
flight conditions is also due to weather conditions during a specific
shot, i.e, by variations in wind direction and force, atmospheric pres-
sure, temperature and air density.

1
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Figure 14, Ellipse of dispersion
Keys:

1. Ellipse of dispersion
2. Center of dispersion
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Experience shows that the dispersion of individual shells con-
forms to a certain law: shells fall within a limited ellipse-shaped
area (Pigure 14). In the area of the ellipse shells group symmetrical-
ly to its axes, but nonuniformly: more closely towards the center of
the ellipse and more sparsely towards its edges,

The area of the ellipse of dispersion grows with an increase in
range of fire; consequently, the close pattern of shooting deteriorates.
Therefore, at close range guns can reliably hit even such pinpoint tar-
gets as individual machine guns or grenade launchers. However, we
should not be surprised by the fact that artillerymen cannot with their
first shots destroy the same machine gun situated 5-7 km from the gun.
Tens of shots will be required to fulfill this mission.

Whereas close pattern of shooting is assessed by the deflections
of shells from mear rrajectory, accuracy of fire is assessed by the
deflections of mea: traj.~tory from target center,

Accuracy is sometimes regarded as the ability to bring the cen-
ter of dispersion of bursts into coincidence with a desired point on
the terrain, i.e, with the target. Accuracy depends primarily on marks-
manship, precision and teamwork of the combat crew, accuracy of sight-
ing mechanisms and fire control instruments, and other factors. Accu-
racy is affected by several individual qualities of a given piece, for
example, the precision with which the barrel was manufactured, erosion
in the bore, curvature of bore.

Rate of Fire

It is defined as the naximum number of rounds tha=t can be fired
per minute from a fully serviceable piece without change of laying. A
high rate of fire is absolutely necessary in field pieces to repel
enemy tank attacks when the outcome of a duel between tank and gun is
decided in seconds. The more rounds a gun fires at such a oritical
moment, the greater is the probability of destroying the tank,

A high rate of fire permits the performance of combat missions
with a smaller number of pieces and, in addition, makes possible sur-
prise of artillery attacks and the massing of fire,

An increase in the rate of fire is achieved by mechanization
and automation of the loading and firing process, as well as by the
rapid teamwork of the gun crew. Raplid-fire guns are loaded with
fixed rounds which permit the loading process to be executed in one

St'po

Automation of the loading and firing process has become very
widespread in antiaircraft artillery for both small and medium calibers.
But such automaticn, in view of the increase in caliber, has necessi-
tated the use of a special power unit, has increased the complexity of
the gun and added markedly to its weight. Therefore it has been found
unacceptable for field artillery.

In field pleces, especially antitank guns, a different trend
has prominently appeared, namely the use of the semiautomatic breech
mechanism, Here without human participation, by virtue of the energy
of the powder gases generated during firing, the breechblock is opened,
the spent shell case ejected and the springs compressed, which then,
after manual loading, close the breechblock. While automation in the
case of antiaircraft guns yields a great gain in the rate of fire,
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the semiautomation of field pieces by increasing the rate of fire prin-
cipally conserves the strength of the gun crew. This is the important
aspect of semiautomation because handling fixed rounds of great weight
(15-20 kg or more) increases a gun crew's fatigue appreciably.

In zecent years there has been an effort abroad to increase the
rate of fire of antiaireraft guns through multibarreled design, i.e.
through the use of several barrels rather than one. For example, the
United States and Sweden have developed double-barreled (twin-barreled)
40-mm antiaircraft guns; Switzerland triple-barreled 20-mm guns; the
United States triple-barreled 30-me and six-barreled 20-mm guns of
the Vulcan type.

Fire uverabili

It includes primarily such elements as speed in the opening of
fire and flexibility of fire. For example, division guns and howltzers
of the World War II period needed less than one minute to shift from
traveling position to firing position. Artillery also possessed good
flexibility of fire, i.e, the ability of pleces to transfer fire rapid-
ly and accurately from one target to another. Split-trail carriages
permitted large angles of traverse (up to 60°) without moving the gun
itself, and large elevation ranges, for example, from -5° (below the
horizon) to + 45° for guns and from -3° to + 65° for howitzers.

The design of some modern field pieces and mortars makes possi-
ble all-round fire.

The modern antialircraft gun is a ocomplex system permitting oone
tinuous target tracking and almost continuous delivery of fire. Theree
fore, very high speeds of laying in agimuth (60 deg/sec or more) and
elevation (30 deg/sec or more) are especially necessary in this case.
This is achieved through the use of dance systems with special power
drives (electric or electrohydraulic).

Mobility

The maneuvering character of modern operations necessitates high
mobility of artillery. The mobility of a plece 1s its capability of
rapid long-distance movements, its ability to maneuver on the terrain
at high speeds and rapidly occupy fire positions and, finally, its
man-handleability during shifts of fire. The principal gauge of mobili-
ty 1is speed of movement, which is deperdent on weight of the plece,
kind of traction, and design of the carriage from the transport view-
point.

Obviously the weight of any piece should be the least possible.
However, weight reduction inevitably results in a lowering of the
gun's power. Therefore, artillery designers are always faced wiih the
central prcblem: how to provide the necessary mobility simultaneously
with the prescribed power, i.e. how to keep the welght of a piece mini-
mal while preserving its power. This complex problem is solved by a
reasonable compromise between the various service requirements for a
gun of a particulsr purpose, and the number of requirements that have
to be reconciled is large. Usually the most urgent requirements are
ainglec out and the others are reconciled with them as far as possi-
ble, an attempt being made, of course, to select the optimum variant,

As early as World War II the trend became widespread to cut down
the weight of guns by employing mugzle brakes. Almost all new pieces
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coming out during and after the war were equirped with muzsle brakes,
which make possible absorption of 50 percent or more of the recoil
energy during firing, taking a ‘ignificant load off the recoil mechanism
and thus reducing the adverse effect firing on the carriage. Muzszle
brakes began to be used in Soviet artillery even before the war, for
example, in the 152-mm gun-howitzer M1937 and other pleces. Under com-
bat oonditions they proved extremely reliable and effectiva.

A trend was also marked during the war towards the employment of
light alloys in weapon models, but in practice these alloys never be-
came vVery popular. This was due to the significantly lower mechanical
properties of the brands of light alloys used at that time as compared
vith steels, as well as to the scarcity and high cost of light alloys,
vwhich were channeled as first priority into the aircraft industry.

The use of light alloys in artillery armament did not ususlly go beyond
the manufacture of secondary parts made thereof (handwheels, boxes,
low-load bracikets etc.). Aluminum alloys were used in the manufacture
of such assemblies as trails in only a certain portion of the Soviet

b5-em guns M1932 and 1937,

In the postwar period, however, special aluminum, magnesium and
titanium alloys with high ultimate strength began to be widely employed
in mortars for the manufacture of barrels, bipods and base plates
(French 81-mm and 120-mm wortars, American 8l-mm mortar etc.) and in
self-propelled guns for the manufacture of bodies and turrets (light
alloys accounted for about 40 percent of the combat welght of the Ameri-
can 105-mm and 155-ma self-propelled howitzers), as well as in other
models of armament for those parts not subject to extraordinarily great

dynamic loads.

As for the type of traction for gun towing, mechanical traction
bad already taken a dominant position at the end of World War II. Horse
traction, with which the towing speed of even light pieces did not ex-
ceed 10-12 km/br, lost its former significance in artillery. This type
of traction by the end of the war had begun to be employed, instead,
by way of exception under the specific conditions of certain combat
areas, for example, under mountainous conditions. The wheeled and
tracklaying artillery prime movers of our day can develop relatively
high speed of travel on roads, and in most cases possess completely ac-
ceptable cross-country ability over broken terrain.

The mobility of a plece in many respects depends on how rational
the design of the carriage is from the transport viewpoint, i. e. how
successfully the problems of lightness, cross-country ability, handling
eane, stability and accurscy life of the system during movement have
been solved. This is very important during travel over bad roads and
roadless areas, To assure good cross-country ability of a gun over
dirt roads and wooded roads, as well as roadless areas, an effort is
under way to make its axle length correspond to the axle length of the
prime mover, and the ground clearance of the gun (distance from the
road to the lowest point of the carriage) not less than the road
clearance of the prime mover,

The best means of protecting guns and their mechanisms from
dynamic overloads whon towed behind prime movers is acknowledged to
be the use of suspension and the bracing of individual mechanisms in
traveling position. It is to the credit of Soviet artillery design-
ors that all our guns c¢reated back in the prewar years and during the
war had spring-type suspension, making possible gun towing at the
speeds which the prime movers themselves were capable of developing.
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And the 100-mm field gun M1944 employed the most advanced type of sus-
pension -- torsion, which produced an appreciable saving in weight and
made the design more compact. The trend towards the adoption of suspen-
siop mechanisas into artillery ordnance which becaxs so popular in
Soviet artillery was later reflected in cther armies too.

A basic trend in the development of modern field tube artillery
in the armies of the capitalist countries is a rise in maneuverability
-- the development of self-propelled artillery to replace pieces towed
by mechanical traction. It is thought that only self-propelled artil-
lery is capable of providing higher speed of travel and better cross-
country ability over broken terrain. Self-uropelled guns differ ad-
vantageously from towed guns in yet anothe. respect. They require
vastly less time to be put into firing position with a smaller number
of servicing personnel, Depending an the situation, they can be
speedily concentrated or dispersed.

Foreign specialists note that self-propelled artillery meets
the requiremsnts of nuclear warfare to the maximum degree. Protected
zgainst bullets, projectile and mortar-shell fragments and to some de-
gree against the shock wave of a nuclear explosion, self-propelled guns
are capable of operating on contaminsted terrain. Therefore, the pro-
portion of self-propelled artillery in the armies of the capitalist
countries is constantly growing. For example, the artillery of Ameri-
can and French divisions in the new organization consists solely of
gself-propelled guns,

Apart from the development of self-propelled artillery, towed
guns are also being developed abroad to provide direct support of air-
borne forces and of forces transported by air. For such guns special
carriage-mounted power units are under development (for example, for
the American 105-mm and 155-mm howitzers).

The result of giving guns self-propulsion is to increase their
mobility directly on the battlefield (up to 15 km/hr) and to save the
strength of gun crews during a change of fire positions.

Byoyancy

It is known that modern tanks are capable of negotiating water
barriers afloat or along the bottom (with complete submersion in the
vater). Buoyancy is either given tanks by attached equipment or it is
deliverately provided for in their design . The armored carriers used
for motorized infantry are amphibious in most cases, Hence it follows
that modern artillery which cooperates closely in all kinds of combat
with tanks and infantry must also possess buoyancy. Self-propelled
artillery achieves this characteristic by the use of buoyant chagsis.
If such a chassis cannot be selected, the self-propelled gun is ovt-
fitted with a special attachment, for exarple, a light folding frame
over which waterproof fabric is stretched. Before immersion of the
vehicle in water the frame is quickly put up and it assures buoyancy
of the entire system.

Air Transportability

Inseparably connected with the problem of gun weight reduction
is that of assuring their transportability by air. It is thought that
in our time every artillery weapon must in case of need be lifted for
long distances (thousands of kilometers) by military transport aircraft
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and for relatively short distances (tens and hundreds of ikilometers)
bty army helicopters. In the American arry, for example, most guns can
be transported by cne aircraft in completely assembled form. To trans-
port by air such large-caliber self-propelled guns as the 175-mm gun
and the 203-mm howitzer takes two aircraft per gun: one aircraft to
transport the chassis, the other the tipping parts of the gun.

Abroad, especially in the U.S. Army, a great deal of attention
is given to increasing tho maneuverability and combat sefficiency of
ground forces through the use of army aviation, primarily helicopters.
In the opinion of American military specialists, army aviation is an
important component of the ground forces and has the job of supporting
the execution of the missions confronting them. A doctrine of the
nodern American Army uses the term "flying soldier,” which implies ever
increasing penetration of the air space by podrazdeleniya of the ground
forces together with their arms,

The increased interest in helicopters is due to the fact that,
since they possess considerably greater speed of travel than any type of
ground transport and are practically independent of the character of the
terrain and state of ground commmications, they can provide fast and
concealed maneuver at low altitudes in approaching a given area. These
characteristics of helicopters are especlally effective in negotiating
wide water barriers, contaminated and flooded arsas, as well as terrain
sectors impassable to ground transport.
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Figure 15. Air transpert of gun and ammnition fer
it in external loasd of helicopter.

In the forsign militery press there has recently been lively
discussion of questions relating to the combat employment of halicop-
ters. There has been consideration of the part they play and their
significance in "limited wars,” i.e. in the drive against the national




J=9750 b7

liberation movement of peoples. There has been careful tudy of the
experience in the use of helicopters in South Vietnmam, in perticular
fox)' the speedy transfer of guns and mortars with axmunition (Figure
15).

In addition to the landing method, the dropping of guns and am-
munition by means of special parachute systems is also employed.

Air transportability, and especlally parachute dropping, set
very rigid requirements to be met by artiller— weapons: reduction in
size and decrease in weight of pleces; greater compactnese of materiel:
resoval or sheatbing, insofar as possible, of all protruding and brit-
tle parts; ruggediration of ammunition and packing: increase in safety
of fuges.

at ct ics of Pliece

Any artillery weapon must be reliable in operation and possess
the necessary strength and accuracy life, simplicity and ease of
operation, and safety in handling.

Reliability

Reliability is the term applied to the capacity of a gun to
perform all assigned functions under specified operating conditions
over a specified (given) period of time with values of basic parameters
kept within a preestablished range.

The operating conditicns of artillery wsapons are extraordinarily
complex and diverse: heat as high as 40-50°, cold as low as -50°, rain,
snow, dust, mud, prolonged firing etc. And under any conditions however
adverse, the gun must be reliable and troublefree in operation.

Of course, an artillery weapon is not as complex in its cone
struction as a guided missile. Whereas the breakdown of a few elements
of a missile make it useless for combat employment, individuval defects
in a gun do not disable it for combat. For example, there were in-
stances during the war when our artillerymen successfully engaged
enemy tanks using guns with damaged or demolished sights -- they simed
the guns at the target directly through the barrel.

It is known that no technical device (gun, assembly, machine,
instrument), however perfect it may be, can perform for its entire
service life without a single malfunction, However, some devices get
cut of order more, others less frequently. The average time of trouble-
free operation of a technical device (from the correction of one mal-
function to the appearance of the next) is considered the basic quanti-
tative reliability indicator of a given device. Since the elimination
of every malfunction usually requires repair, the average time of a
technical device's troublefree operation between repair jobs is regard-
ed as its reliability indicator.

The operating reliability cf artillery weapons depends to a cer-
tain extent on their complexity. The more ccmplex a weapon model, the
more devices, assemblies and mechanisms there are in it, the greater 1s
the probability that failures will occur.

Nev models of artillery weapons, replete with automation, hy-
draulics and electronics, with diverse calibrating and testing equip-
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ment and high-precision measuring apparatus, require servicing person-
nel to use nev ways of solving questions of operation, repair and
storage. Engineering and technical servicing is becoming an important
factor in the operating reliability and troublefree cperation of a
weapon and its role is constantly growing.

dasigmrs are taldng a number of measures to increase the reli-
" ability of guns. For example, they duplicate the actions of the mect -
anisms on which the combat efficiency of a gun depends (manual opening
of the breechblock in the event of failure of the semiautomatic device;
dual trigger mechaniam etc.): they employ locking devices to prevert
wrong actions that might lead to breakdowns; they provide warning signs
and indicators for timely prevention of defects atc. Unserviceability
due to the breakdown of a part is rapidly correctsd by simply replacing
the damaged element from spare parts on hand,

However, the principal requirement for reliability is proper op-
eraticn of a weapon. Therefore, the strictest and most scrupulous
complisnce with all requirements of field manuals, handbooks and in-
structions setting forth the rules for the use of combat materiel is
necessary. To use combat materiel properly, it must be thoroughly
studied and known, lovingly protected, mcstered to perfection, mal -
tained in complete serviceability and constant combat readiness.
Preventive maintenance of all kinds must be performed in a first-rate
Rmarner.

As weapons are developed and improved and as various technical
devices increase in complexity, the reliability of their operation be-
comes increasingly a basic and decisive indicator of their quality.

Technical devices, including weapons, have other quality indi-
cators in addition to reliability, primarily accuracy life,

Accuracy Life

Accuracy 1life is the ability of a plece to withstand wear and
fully retain its combat characteristics for as long a time as possible.
The measure of accuracylife is the number of rounds fired and the number
of kilometers traveled on the road which a gun can take before becoming
unserviceable due to wear of its parts,

Wear has an especially marked effect on the condition of the
bore, Wear on the barrel leads to a reduction in the maximum pressure
of powder gases, a decline in muztle velocity and therefore to an in-
crease in fire dispersion. The indicator of total wear of a gun is a
ten-percent drop in muzzle velocity for field guns, four-percent for
antiaircraft guns. In this case the barrel is considered worn out.
It is discarde. and replaced with a new one.

Experience shows that the accuracy life of a barrel rapidly de-
clines with an increase in caliber and muztzle velocity. For example,
medium guns and howitgzers have an accuracy life reckoned at several
thousand rounds, but large-caliber guns firing at high muzzle veloci-
ties only hundreds of rounds,

The attempt is made to reduce the rate of wear of other gun ac-
cessories by rational design, choice of wear-resistant materials, use
of appropriate lubricants and observance of the rules for care and
maintenance.,
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Simpllojty and Egve of Operation

This is an important requirement which every weapon model must
mest. In the creation of weapon models designers strive to provide
for convenient placement of mechanisms and operators’ positions (seats,
footboards, platforms, instrument boards and panels etc.), to locate
the necessary instruments and aocessories rationally, and recommend
simple metbods of gun operation. The design must provide for special
devices to facilitate the work of the crew (jacks, loading devices for
heavy-caliber guns, rollers under trails in order to manhandle the
plece etc.). Stripping and assembly of basic units and mechanisms must
be simple sand practicable., Oun mechanisms musi not require grent exer-
tion, It is oonsidered essential that there be indicators and signs
reminding tbe combat crew of the direction in which to turn & handwtasel

or handle in performing a necessary operation.
Safety in Hapdling

This is achieved by the use of safety devices, locking devices,
fenders, wsrning signs, and rational placement of parts and machanisms
to reduce the possibility of bruises, pinching arnd other injuries ¢o

personnel marning the gun.

For example, all Soviet muzzle-ioading mortars have special
safety devices against double loading to prevent the pussibility of
a second mortar shell heing dropped in the bore if an unnoticed mis-
fire should ccour and the first mortar shell is still in the barrel.
As is known, double loading results in bursting of the mortar barrel.

Strioc. observance of safety requirements is necessitated be-
cause artillerymen are dealing with exvlosives which are dangerous to
handle. It must be emphasized that exact compliance by
personnel with all directions of service manuals, field manuals .nd
instructions regulating gun operating procedure is of dscisive impor-
tance for the prevention of accidents and injuries.

k. BRooromic Characteristics <€ Oung

Weaupons are expensive. Vast resources und funds are spent for
their development and production, The rate of zrmament development 1is
constantly rising every year. The process of updating armament and
wvar materiel is accelerating more and more. In the services the num-
ber of new models of armament is growing, each of ihem, as a rule, con-
siderably more complex and therefore more costly than the preceding
model.

In the creation of the latest models of artillery armament the
point of departure is primsarily their anticipated military and economic
effectiveness. This means that the optimal variant of a model will be
the one which will assure execution of the assigned combat missions
wvith minimal economic .nputs and a given system of constraints (for
example, on the number of operating personnel, consumption of critical
materials etc,), or the one wtich will assure execution of the maximum
number of missions with fixed inputs and a civen system of constrainis,
While making an all-out attempt to cut armament costs, at the same time
designers cannot do this by lowering combat and operating characteris-
tics — power, reliability of action, safety etc,
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The most important economic raquirement to be met by arms is
that they be series-produced at plants from Soviet raw materials.

In the creation of weapons designers try to use materials which
will satisfy strength and reliability requirements rather than those
of the highest quality. It would be unreasonable, for example, to make
the handwheels of gun mechanisms out of expensive alloyed gun-barrel
steel.

Serious significance attaches to the use of higr-efficiency tech-
nology in artillery production. Such eccnomically ad-.antageous tech-
nological processes as stamping, shaped casting, arc and gas welding,
the broaching of holes, multicutting, high-speed cutting, electric
spark machining etc. improve the quality of guns, decrease metal con-
sumption, speed up and cut the cost of production,

Modern technological production processes yield maximum economic
effect only when the weapon design itself is technologically efficient.
This is achieved by decreasing the number of parts, by simplicity of
their shape, by prescribing precision of execution and finishing no
greater than required by the conditions under which a part will operate,
by using the simplest methods of manufacture with the minimum number of
necessary operations during machining etc.

Minimum inputs of labor, time and capital are the criteria of
good technological effectiveness of a design.
Table 6

NUMBER OF MACHINE HOURS FOR MANUFACTURE OF
76-mm DIVISION GUNS

A B 76- w4 Thewu 7G-wu (R G- nymxa o6p. 1942,
O6pased, roa nyiiKa nviika BYIK3 :

o afp, n6p, adp. |
uIroTOnAENnR oy 1936 . l 1999 r. 1942 l 1913 l 1918

F Crankonacu Sud

2034 | 1300 1029 ’ o l 475
!

Keys:

Model, year of production
76-mm gun M1902

76-mm gun M1936

76-m gun M1939

76-mm gun M1942

Machine hours

mMEOO W

Many examples of high technological efficiency of guns are lmown
in Soviet artillery armament. Thus, the number of parts in our divi-
sion guns has systematically been cut from model to model: the 76-mm
gun M1936 had 2080 parts, the 76-mm gun M1¢39 1057, while the 76-mm
gun Mi942 had only 719. This has permitted a sharp decrease in time
input for gun manufacture (Table 65)?
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A mandatory condition for mass or large series procuction is
interchangeability of parts and assemblies. This is of great impor-
tance for the operation and repair of armament. Thanks to interchange-
ability a damaged part can quickly be replaced under combat conditions
with a spare part, especislly in such an important assembly of the gun
as the breechblock.

Standardization, i.e. the use in different models of identical
parts, assemblies, mechanisms and units, is excepiionally important
for artillery weapons. The use of standardized elements shortens the
time and lowers expenditures for design and planning, deveiopment of
technology, the production and testing of new models; it faclilitates
the mastery of new weapons in the services, and simplifies repair and

supply of spare parts.

Here are 3 few examplez of standardization frcm the history of
Soviet artillery weapons. Thus, all 76-ma division guns M1902/30, 1936,
1939 and 1942 were supplied with interchangeable ammmition; for the
152-mm gun-howitzer M1937 the same rounds were used as for other 152-mm
guns; for 82-mm mortars of all types the ammmnition was the same, The
significant economic effect of this standardization in wartime can hard-
1y be overestimated. First, .ue production and storage of ammunition
were made cheaper and simplified. Second, troop supply was considerably
facilitated, which is exceptionally important in wartime. Thind, it
became possible to make wide use of ammunition stocks which had been
created and accumulated over a long time in a2 period of peace,

Another example. Soviet artillery ammmition, as a rule, has
employed point and base fuzes. It is lmown that all our fragmentation,
high-explosive fragmentation, and high-explosive gun and howitgzer shells
from 100 to 152 =m in caliber yere equipped with ROM [Rdultovskiy
membrane-~tyne point detonating/ fuszes,
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Figure 16, 122.mm gun M1931/37 and 152-mm gun-howitger
M1937 on standardized carriage:

1) gun barrel; 2) barrel of gun-howitser; 3) stand-
ized carriage.
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A third example. Three models of Soviet heavy pieces -- 152-.mm
gun M1935, 203-mn howitzer M1931 and 280-mm mortsr (mortirs) M1939 --
had the same standardized carriage. Other guns with the most diverse
calibers, ballistic characteristics, barrel sizes, many breechblock
parts etc. were created to use the same carriage (Figure 16).

Standardized parts and assemblies can be found in wedge- and
screw-type breechblocks, the semtautomatic device, sighting devices
and recoil mecbanism,

During the years of the past war Soviet designers, who had
built up solid experience in standardization, were quickly able to
solve the complex problem of developing self-propelled artillery.
Using the chassis of existing tanks and combat-tested artillery weapons,
they created the well-known self-propelled gun mounts SU-76, SU-85,
SU.100, SU-122, ISU-122, ISU-152.

A characteristic feature in the develomment of the foreign self-
propelled artillery of our day is chassis standardization, i.e. the
use of one chassis for a whole family of guns of varying parpose.
Chassis standardization simplifies operations, repair and spare-part
supply and facilitates the training of personnel of combat and repair
podrazdeleniya. Thus, the standardized chassis in the American Amy,
for example, is the amphibious and air-transportable tracklaying car-
rier M-113, on which are based more than ten combat and special vebi-
cles, including the 105-mm and 155-ms self-propellsd howitsers.
Chassis standardization is a manifestation of the gemeral trend in
modern machinery manufacture towards standardization of basic design
elements,

Under modern conditions the standardization used in war materisl
contributes to the elimination of diversity of type sizes and brands
of particular items. It is essential to standardize fasteners (screws,
oolts, nuts), certain elements of parts (threads, holes, recesses,
grooves) etc. Standardized parts can be made at different plants ac-
cording to the same process. This permits timely introduction into
production of the most advanced technological processes based on the
latest achievements of sciences and technology and, in final analysis,
mskes possible a rise in product quality,

9. Basic Characteristics of Artillery Pieces

The generalized characteristics of pleces are: murrle energy
Bo. power factor ch' and metal utiligation factor /) .

.ﬁuzzle energy is the name given the kinetic energy of a projec-
tile on leaving the bore:

2
qv,

Eo=—2—l: ’

where q 1is weight of the projectile in kg;

V, 1is muzzle velocity in m/sec;

g 1s gravitational acceleration equal to 9.81 m/ sec?,
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Muzzle energy is expressed in kilogram-meters or ton-meters.
It determines the basic combat characteristics of a plecs -- range of
fire and penetration effect of the projectile at the target. For ex-
ample, for the 120-mm mortar MioW3 E, = 60 tm, for the 122-mm howitser

M1938 E, = 295 ta, and for the 122-ma gun M1931/37 K, = 800 ta.

Power factor is expressed as the ratio of muzsle energy in ton-
meters to the cube of the gun caliber in decimeters:

Power factor makes it possible to judge the power of a plece
irrespective of its caliber., It shows the useful work per unit volume
of bore for similar gun construction. Power factor ranges from

100 tm/dw? (for mortars) to 1000 ta/dw’ or more (for antitank, anti-
aircraft and naval guns).

Metal utiliszation factor is the ratio of muzzle energy to
the weight of the piece in firing position:

=g;;(‘18_‘ o )

e v

This factor characterizes the degree of design perfection in
the sense of combining gun power and mobility, i.e. it shows how
metal is utilized -- how many ldlogram-meters of muztle energy there
are per kilogram of gun weight,

Metal utilization factor tends to increase with an increase in
caliber. In addition, it does not reflect certain gun characteristics
affecting the weight of the entire design. In particular, automation,
which adds to gun weight, lowers the mstal utilization factor. But if
the schematic diagrams of twc or more pleces are similar, metal utiliza-
tion factor is very convenient for estimating the combination of power
and mobility of these guns.

Recollless guns and mortars have the maximum valus of 7  go-
ing as high as 200 kgm/kg or even higher, while four-trail automatic
guns have the minimum walue,

Table 7 presents values of metal utilization factor for cer-
tain pleces.,
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Table 7
METAL UTILIZATION FACTOR FOR CERTAIN PIECES

A O6paseu opyaus (MuHOMETa) B K°’W::::;'L"fl"'z‘,';:;:;"““'

L129.um nywka ofp. 1931/37 r. 112
122-ms¢ rayGuua oGp. 1938 r. 125
£52-44 ray6uua-nymxa o6p. 1937 r. 130
U40-2 ¢ MiHoMer 175
85-mMm nyuika 177
160- M MutioMeT 188
100-mu nyuwka o6p. 1944 r. 191
107-2m Ge3otxatuoc opviie 108
120-mm munoMer 06p. 1938 . 218

1082-ux GesorkatHoe opyziie 234

64

Keys:
A, Oun (mortar) model

1. 122.mm gun M1931/37
2. 122-wm howitzer M1938
3. 152-mm gun-howitzer M1937
4, 240-mn mortar
Se 85-mm gun
6. 160-mm mortar
7. 100-mm gun Mi94k4
8. 107-mm recoilless gun
9. 120-mm mortar M1938
10. 82-mm recoilless gun

B. Metal utilization factor l) 3 kp/kg
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Chapter IV
PRINCIPLES OF THE CONSTRUCTION OF ARTILLERY PIECES

1, Structural Diggrams of Cungs

An artillery plece is a powerful heat machine, unioue in the con-
ditions and character of its operation. The working principle of a gun
is based on utilization of the energy of powder gases. During firing,
powder gases act upon barrel and projectile with a pressure reaching
3000-4000 kg/so cm and a temperature of 3000° C. The power of a medium-
caliber gun is 400-900 h.p., and that of a large-caliber gun (over 300
mm) 9 to 12 million h.p. For sake of comparison let us recall that
the power of the Soviet 122-mm howitzer M1938 is about 130,000 kw (1 kw
s 1,36 h.p.), while the power of Dneproges /Dnepr Hydroelectric Power
Station imeni V. I. Lenin/ is 653,000 kw. The efficiency of artillery
pleces is considered to bs very high -- up to 35 percent. This is
equivalent to the efficiency of internal combustion engines and consid-
erably greater than the efficiency of steam engines.

Let us consider two most characteristic schematic diagrans which
have become classical -- those of the field howitzer and mortar. Thsy
have proved themselves in combat. In any modern piece the basic struc-
tural elements of these diagrams vary to some extent.

Reproduced from
best available cupy.

Figure 17. Construction of artillery plece:

1) barrel; 2) muzzle brske; 3) breech ring; 4) breech-

block: S) cradle; 6) recoil mechanism; 7) top car-

riage with pointing mechanisms; 8) shield: 9) trails;
10) running gear; 11) sighting mechanisms.
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A modern artillery piece (in this case the hcewitger) comsists of
the following basic assemblies (Figure 17): barrel witb muzzle brake
and breech ring, breechblock and carriage. The carriage includes:
cradle, recolil mechanism, top carriage, pointing mechanisas and shield,
split-trail bottom carriage, running gear, and sighting mechanisms.

The barrel is the basis of a gun. It gives a projectile the
prescribed flight direction, rotary motion, and a certain muzzle veloc-
ity.

The muzzle brake is screwed onto the muzzle end of the barrel
and is iatended to absorb recoil energy.

Breech ring is the name given the rear end of the darrel in
which the breechblock is located.

Tie cradle is the trough-shaped or cylindrical part housing the
barrel. By means of its trunnions the cradle rests on the top car-
riage, and by means of the elevating mechanism can rotate in the verti-
cal plane. The cradle also serves to secure the recoil mechanism. At
the time of firing the barrel recoils along tbe guide rails of the
cradle and then returns to its initial position.

The recoil mechanism consists of a recoil brake (absorbs the
energy of barrel motion during firing) and a recuperator (returns the
recoiled barrel to its original position).

The barrel, cradle and recoil mechanism, taken together, are the
tipping parts of a gun. D

The top carriage is a massive part of complex configuration,
which is intended tc house all the tipring parts of a gun, the point-
ing mechanisms, equilibrator, sighting mechanisms and shield. Under-
neath, the top carriage has a pintle, which goes into a hole in the
bottom carriage and serves as the axis of its horizcntal rotation. By
means of the traversing mechanism the top carriage moves in the horizon-
tal plane.

The bottom carriage with split trails and running gear is the
foundation of the entire piace. The trails serve to zive the plece
stability during firing. In the firing position they are opened out
and bear up against the spades, through which stresses are transmitted
to the ground during firing. In the traveling position the trails are
coupled together and fastened to the hook of the prime mover.

The running gear is intended for movement of the gun and for
its support on the ground. It consists of axle, wheels with rubber
truck tires and suspension mechanisms. The selection of a plece's
running sveed depends on its design, weight, and the prescribed sveed
of travel.

Sighting mechanisms are necessary for precise pointing of a gun
at a target. They consist of a panoramic sight and a gun sight. Anti-
tank guns also have optical sights for direct laying fire. Field gun
sights are mounted on the bracket of the top carriage and are connected
in some manner with the barrel.

The construction of a mugzle-loading mortar of classical design
is very simple. The basic parts of the mortar (Figure 18) are: barrel
with breech ring, bipod mount, base plate, sight and double-loading
safety lock.
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Figure 18. Construction of mortar:
i 1) barrel; 2) breech ring; 3) bipod mount; 4) base
plate; 5) sight; 6) double-loading safety lock.

The barrel, as a rule, is a smooth-walled tube, clos ed at the
rear end by a breech ring.

While in modern s the maximum pressure of powder gases in
barrels reaches 4000 kg/sq cm, in mortars it does not excesd 1000 kg/sq
cm, 1.0, four times less, Therefore mortar barrels are made thin-
walled and, consequently, light.

The breech ring is screwed onto the rear end of the barrel tube,
At the bottom of the breech ring is located a firing pin, on which a
mortar shell is pinned by its primer element when it is dropped into
the barrel. Underneath, the breech ring terminates in a ball pivot,
which serves to connect the barrel with the base plate. In the ball
pivot & hole is made, through which a jermy is forced so that it will
be easier to screw the breech ring onto or off the barrel tube.

The rigid firing pin screwed into the bottom of the breech ring
rakes possible simplicity of design and a high rate of fire. 107 to
120-mm mortars often use a firing mechanism which can be cocked. It
has two positions: rigid and cocked. In the latter case the firing
pin is countersunk until release of the sear, thus eliminating the pos-
sibility of spontanecus breaking of the mortar shell primer during
loading. Firing with a cocked striker takes place whenever after load-
ing the gun laying has to be checked and the crew then pulled off the
mortar for cover.

The bipod mount supports the barrel and gives it the vertical
and horizontal angles. Located on the bipod mount are the elevating
mechanism, traversing mechanism, leveling mechanism and sight. The
bipod mount is connected to the barrel by means of a clamping collar
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and clamp ring. All guiding mechanisms of a mortar are of the screw
type. The leveling mechanism is intended for precise leveling of
the mortar in cases where the sight is rigidly fixed on the bipod
mount. The need for ovrecise leveling is obviated if an oscillating
portar sight is used.

When a mortar is fired, the recoil absorbed by the base plate is
transmitted to the ground. Owing to the elasticity of the ground and
plate, the barrel travels along the axis to a certain extent and then
returns to its previcus position. To prevent damage to mortar mechanisms
during sharp recoil of the barrel the bipod mount is fastened to the bar-
rel by means of spring shock absorbers.

The base plate serves as a support for the barrel. It consists
of a foundation plate with stiffening ribs weldsd on the underside.
Distribution of the recoil over a large area contributes to a lessing
of ground pressure,

Optical and mechanical sights have gained greatest prevalence
in mortar designs. Every mortar sight bas an azimuth instrument and
a sight scale. The azimuth instrument is intended for measuring hor-
izontal angles, and the sight prover for measuring vertical angles.

The double-loading safety lock prevents loading a mortar with a
second shell wher there is already a live shell in the barrel. It is
attached to the muzzle end of the barrel. All Soviet mugzzle-loading
mortars are equipped with reliable and automatic double-loading safety
locks. They operate dependably whatever type of mortar shell is fired,
for all charges provided for a given mortar, at any angle of elevation
and deflection, at any rate of fire, and from firing sites on any kind
of ground.

The construction of large-caliber mortars is considerably more
complex. In principle, however, they have the same basic design ele-
ments: smooth-walled barrel, wheeled carriage, base plate, sight.

Large-caliber mortars are breech-lcading. The long barrel and
heavy mortar shell do not permit muzzle loading,

To assure that the barrel opens during loading and closes at
the moment of firing the barrel of a large-caliber mortar is divided
into tipping parts and breech ring. The tipoing parts are a tube open
at both ends. In the loading position it is held back by a locking
mechanism, The breech ring in the closed positiocn is the base of the
barrel. It safely seazls the barrel during firing and transmits the
force of the recoil to the plate. In addition, the breech ring serves
as a foundation or which the tube of the barrel tips and is locked
at loading angles, and on which the barrel is connected witu the car-
riage by means of spring shock absorbers,

The carrlage is the foundation of the large-caliber mortar in
firing and traveling positions. On the carriage are mounted the ele-
vating mechenism, traversing mechanism and equilibrator, running gear
with suspension mechanism, and sight. The mortar is towed by a motor
vehicle, whose coupling mechanism is connected to the muzzle end of the
barrel by means of a muzzle attachment slipped over the barrel in the
traveling position.
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2, Barrels and Mugsle Brakes

A barrel is a steel tube closed at one end by a breechblock.
The interior through cavity is called the bore. In the barrel we dis-
tinguish between the front or muzzle end and the rear or breech end,
to which is fastened the breech ring (located here are the breechblock,
powder charge and shell). If along the gradation marks on the breech
and muzzle faces of the barrel we stretch thin cross hairs, an imagi-
nary straight line connecting the centers of these cross hairs will be
the axis of the bore.

me| @z/c.«’

3000
2500 1
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15001

Figure 19, Diagram of construction of artillery bar-
rel and powder-gas pressure curve as a function of pro-
Jectile path along bore:

A) rifled portion; B) chamber; C) breechblock; Pbore)

pressure of powder gases in bore; Pmax) maximum gas
tressure on base of projectile; Po) pressure to over-

come inertia of projectile (engravings in rifling);

Pmuz) mizzle pressure; lm) projectile path prior to

attainment of maximum pressure; abc) pressure curve
of powder gases in barrel as function of projectile
position in bore.

Keys:

l. P
bore
2. kg/sq cem

3 Pnnxz

k., Connecting ccne

The bore of the %un has the powder chamber (cartridge chanber)
and the rifled portion (Figure 19). The sector of the bore between then
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is called the connecting cone. During loading the projectile is in-
serted in the rifled portion of the bore, resting with its rotating
band against the origin of the rifling. The powder charge (in case or
bag) is in the chamber, and the base of the shell is situated here too.

Helical grooves are made on the surface of the bore. They are
called rifling.

Shells have securely attached rotating bands made of a metal
softer than the metal of the barrel (usually red copper, porous soft
iron), or of other materials, for example nylon. When the shell under
the action of powder gases at the time of firing begins to move along
the bore, the rotating band is engraved by the rifling., Recesses and
projections are formed on the band, as a result of which the shell
moves in the bore just as the rifling directs it. Thus, in addition
to forward motion the shell also receives rotary motion,

In Soviet pieces right~hand rifling has been adopted, i. e. the
grooves in the bore run from left to right upwards. Therefore, if we
look in the bore from the breech end, the rotation of the shell is
clockwise. in some foreign pieces left-hand rifling has been adopted.

All rifling in the barrel of a given plece is the same in width
and depth. If too shallow a depth of groove is adopted, the projections
on the rotating band of the shell will also be too fine and low. A
shell pressing on the edges of the grooves with these fine projections
can easily mash them and break loose from the rifling. Then it will
not receive the necessary rotation and will fly improperly. Too great
a depth of groove is also regarded as disadvantageous.

The gyroscopic effect is skillfully used in rifled artillery.
Rotary motion assures the projectile stability in the air, increases
the range of flight, and makes the shell fly with tapered head forward
without tumbling.

The accuracy of the projectile's flight and hence the accuracy of
fire depend on tne angular rotational velocity of the projectile, which
is determined by the twist of the rifling in the mugzle end and by the
projectile's velocity of motion in the barrel. For example, a shell of
the 76-mm gun MI942 makes 357 r.p.s. at the moment it leaves the bore,
while a shell of the 122-mm howitzer M1938 rotates at a rate of about
210 r.p.s. at this time,

At the time of firing powder gases press against the base of the
projectile and on the walls and bottom of the bore. But the walls of
the barrel resist this pressure. If the tension of the metal does not
veach its elastic limit, after firing the walls contract and recover
the dimensions which they had before firing., If, however, the elastic
limit is exceeded, the walls do not return entirely to their initial
state and remain distended. Such a phencmenon 1s called barrel dila-
tion. A plece with a dilated barrel is unfit for firing since the
movement of the projectile along the bore will be wrong (breakaway from
rifling, impacts against walls, escape of gases etc.).

Therefore, the chief problem in the designing and production of
eny piece is to provide a guaranteed safety factor for the barrel.

Gas pressura in the bore from the start of powder combustion up
to departure of the projectile is a variable. At first the pressure in-
creases to a certain maximum, then declines, For every cross section of
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the barrel it has its maximm value determined according to the
pressure curve as a function of the projectile path along the bore
(Figure 19). The transverse dimensions of the barrel are likewise
not uniform. Therefore, the actual safety factor of a barrel is also
a variable. The following minimally necessary safety factor values
have been established in practice and verified: for cross sections in
the chamber region 1.2-1.29, for rifled portion of bore 1l.2-1.35, for
mugzle end of barrel 1.5-2,

The safety factor of mortar barrels is higher still: for the
entire barrel 2, for the muzzle end not less than 3. This is due to
the comparatively small thiclkness of the barrel walls and their pro-
nounced heating Juring intense fire.

To heighten the strength of barrel walls, their thickness has
to be increased. But such thickening is useful only to a certain lim-
it, after which it becomes simply superfl.cus and even barmful (adds
to barrel weight, results in inefficient use of metal).

The trouble is that when the metal of barrel walls expands under
thie pressure of powder gases, it does not participate uniformly in the
resistance to this tension. The interior metal layers of a barrel ex-
pand more vigorously, while the exterior layers expand more weakly.

The thicker the barrel, the less and less the part played by the exte-
rior metal layers in breaking strength. Now if a barrel is made very
thick, the exterior layers will not exert any resistance at all.

Artillery designers have been able to produce several rational
barrel designs, in which all metal layers are more or less uniformly
stressed,

The following basic barrel types are known: monobloc barrel,
built-up barrel (inner tube with jacket slipped over it under tension),
cold-woriced (autofretted) barrel, loose-tube barrel, loose-liner barrel
(Figure 20).

The unbuilt-up monobloc barrels made of high-grade alloy steels
are simplest in construction and the most economical to produce. They
are widely favored in all small- and medium-caliber pieces up to 152-
155 mm inclusive. The sole significant shortcoming of monobloc barrels
is the necessity of replacing the entire tube if the rifled portion
wears out.

Large-caliber pieces more often use built-up barrels, as well
as loose-tube or loose-liner barrels.

The idea of barrel build-up is as follows: Two tubes are taken,
the inside diameter of the outer tube being slightly smaller than the
cutside diameter of the inner tube. The outer tube is heated to a tem-
perature of 400-500° C and pulled over the smaller cold tube. As it
cools, the outer tube will tend to assume its original dimensions and
compress the inner tube. But sinces the inner tube exerts resistance,
the outer tube will not assume its original dimensions. Consequently,
on cooling to normal temperature the outer tube will prove to be some-
what stretched, the inner tube compressed. This condition is called
reciprocal tension,

At the time of firing, under the pressure of the powder gases
the inner tube at first returns to its normal state, but then begins
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to expand together with the outer tube. The stress of the metal lay-
ers of the two tubes is more uniform than in the monobloc barrel.

1

\?//If///
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Figure 20, Basic types of barrels:

a) monobloc barrel; b) built-up barrel; c) loose-

tube barrel; d) loose-liner barrel; 1) monobloc

barrel; 2) tube; 3) loose tube; 4) loose liner;

5) outer tube (jacket); 6) outer tube (Jjacket.);
7) breech ring; 8) breechblock.

Since the gas pressure declines sharply as the shell moves along
the bore, the muzzle end is usually not covered by the outer tube, i.e.
is not built up. At the muzzie end the barrel operates like a monobloc

barrel.

The shortcoming of built-up barrels is the complexity and expen-
siveness of their manufacture,

Cold-worked (autofretted) barrels do not differ from monobloc
barrels in external appearance. The cold-working process consists in
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increasing the resistance of the inner metal layers to the action of
the high pressures of the gases by inducing in the metal stresses
analogous to the stresses produced in the barrel bullt up under ten-
sion. This is achieved by means of powerful hydraulic presses creating
bigh preasure (6000-7000 kg/sq cm). In the cold-worked barrel prior
to firing the imner layers are compressed, the outer layers expanded.
During firing this barrel operates in the same way as a built-up barrel
made of two tubes. The modern American 175-mm self-propelled gun M107?
has an autofretted barrel.

Loose-tube or loose-liner barrels consist of an outer tube (3ack-
ot) and inner thin-walled tube (loose liner) or inner thickewalled tube
(loose tube). The inner tube is inserted in the jacket with very small
clearance (0.1-0.2 mm)., If the jacket overlaps the inner tube for its
entire length, such a barrel is said to be lined, and the inner tube
is called a loose liner. Liners are made of the best brands of high-
strength alloy barrel steel. If the jacket does not overlap the entire
length of the inner tube, but only part of it, such a barrel is called
a loose-tube barrel.

On firing, the removable liner (tube) expands, takes up the
clearance, presses against the inner walls of the jacket and thereafter
functions together with it as a single whole. After firing and after
the barrel ceools, the clearance between liner and jacket is restored.

The principal advantage of the loose tube (liner) is that its
extraction from the barrel in case of erosion and its replacement with
a new one from reserve stock are very simple to do under field condi-
tions directly in the firing psiion, For a trained crew this takes 10-
30 minutes.

It should be noted that increasing the barrel strength still
does not eliminate rapid wear of the bore surface. Even if all other
mechanisms and assemblies of a piece are in serviceable condition, a
worn barrel entails loss of the combat characteristics of an artillery
system, To repair or replace a barrel ihe piece is sent to the factory
and is out of commlission for a long time,

The accuracy life of a barrel is the most important problem for
asvillery., It is known that during combustion of a powder charge high-
pressure incandescent gases are generated. Even though firing lasts
only several hundredths to tenths of a second, the bore surface has
time to heat up to a temperature close to the melting point of steel.
In the intervals between rounds the surface cools sharply by virtue of
heat elimination into the body of the barrel and heat exchange with the
air. The heat causes the thin layer of the bore surface to exrand.

The adjacent metal layers, however, are not heated. Therefore, they
not only do not expand themselves, but even impede the expansion of
the surface layer. In the walls of the barrel alternating temperature
stresses are generated, the magnitude of which depends on the differ-
ence between the temperature of the bore surface and that of the ad-
Jjacent metal layers. Under the influence of these stresser little
cracks begin to appear in the surface layer of the bore, and with time
these cracks form an erosion network.

The cracked surface of the bore has lowered strength and fails
under the action of the rotating band of the shell and the flow ¢f pow-
der gases. The rate of failure depends on many factors. For example,
the higher the temperature of the explosive decomposition of power,
the greater the weight of the charge and the higher the rate of fire,
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the more vigorously does the bore surface heat up, and therefore the
more intensely does it wear away. The elevated temperature of the pow-
der charge also accelerates barre.. wear since it increases the rate of
powder combustion and hence raises the temperature and pressure inside
the barrel.

For some makes of powders when the charge is heated from + 15
to 4+ 40° C, the muzzle velocity of the shell increases U-5 percent,
and the maximum pressure of powder gases in the bore 15-20 percent.

To protect bore surfaces from excessive wear, especially in bar-
rels with high ballistic characteristics, a phlegmatizer is introduced
into the charge. Its composition usually includes petroleum refining
products (paraffin, ceresin etc.). The phlegmatizer is placed around
the periphery of the charge. Melting under the action of the hot pow-
der gases, it so to speak forms an interlayer between the burning pow-
der and the bore surface. This reduces heat transfer from the powder
gases to the bore surface and thus lowers its heating temperature,

Wear of the bore surface also depands on the method of piece
loading. With cartridge loading the initial sectinn of grooves erodes
considerably more rapidly than with bag loading or separate-case load-
ing. This is due to the fact that with cartridge loading the rotating
band of the projectile does not butt up against the rifling and on fir-
ing is engraved by it under impact. As the number of rounds fired in-
creases, erosion of the initial sectioi: of grooves progressively in-
creases, since the origin of the rifled portion moves farther and far-
ther towards the mugzle face, and the velocity of the projectile by the
time the band is engraved, and hence the force of its impact with the
rifling, increase. The clearance between the rotating band of the pro-
Jectile and the bore surface also increases with barrel wear, More and
more powder gases eacape into it, which entails an even greater increase
of wear. In bag and ssparate-case guns the proiectile is forced home
until the rotating tand butts up against the rifling, and therefore
the band is engraved without impact.

The type of projectiles used also affects wear of the rifled
portion of the barrel., For example, in the case of an armor-pisrcing
shell, whose body is made very rigid, the body remains practically un-
deformed when the rotating band is engraved in the grooves. Therefore,
the stress transmitted by the band to the barrel is highest for this
projectile. The bodies of fragmentation and high-explosive fragmenta-
tion shells, which possess less rigidity, sag somewhat during engraving
of the band, diminishing the.effect of the band on the barrel, This

contributes to a reduction in the wear of the rifled portion of the bar-
rel.

The material of which the rotating band is made bas a certain
influence on wear of the bore surface.

As the bore surface erodes, mugzzle velocity and tha penetrating
action of projectiles decline, the range of fire decreases, and more
and more frequently fuzes fail to arm. At the same time, conditions
deterliorate for driving the projectile along the grooves; there are
cases of the shearing off of rotating bands and premature action of
fuzes in trajectory; the close pattern of shooting markedly deteri-
orates; and the number of fuze failures increases.

When the rifled portion of the bore erodes so much that the com-
bat characteristics of the piece decline to the established limits,




J-9750 65

tne barrel becomes unfit for further service. Values of maximum per-
missible wear vary for different barrels. They are indicated in bar-
rel classificatior documents.

The commonest signs th-t a barrel has lost its combat character-
istics are: a ten-percent decline in muzzle velocity; increase in fire
dispersion to a certain limit; complete shearing off of rotating bands
of projectiles; when the flight of the projectile is accompanied by a
sharp whistling sound; systematically recurrent failures of the point
fuze; and premature saell bursts in trajectory during full-charge fir-
ing.

If at least one of these signs is discovered during firing, the
barrel must, regardless of the extent of the decline in the muzzle veloc-
ity of a projectile, be considered as having reached the limit of its
accuracy life. For medium- and small-caliber pieces this condition
sets in after 5,000-10,000 rounds, for large-caliber pieces after 200-
300 rounds. The accuracy life of gun barrels is far > =~ than that of
howitzer barrels (500-2,500 and 5,000-20,000 respectiv. ° ).

The natural loss of combat characteristics i not the sole rea-
son why a barrel becomes unserviceable. Sometimes barrels which have
been damaged during combat employment of the piece (cracks, boles,
barrel dilation etc.) are discarded if the extent of dammage exceeds
permissible limits as established by repair documents. The life of a
barrel can be considerably prolonged if it is protected against acci-
dental damage during firing, transport and storage, and if attentive
care is taken to see to it that no sand or dirt gets into the bore
during loading of the gun. Ammunition must also be carefully prepared
for firing and wiped with a clean rag. No shells must be employed
which have rust on the positioning bands, nor any powder charges which
have been highly heated by the sun's rays.

The wear of barrels depends in many respects on their overheat-
ing., To prolong barrel 1life, the most rational rate of fire must be
selected, and fire must be conducted using the minimum charge which
will permit performance of a given fire mission. All lulls in firing
must be used for cooling the barrel: the breechblock must be opened,
and to increase the air draft, the barrel must be given elevation.
After firing, the barrel must te carefully cleaned. Barrel 1ife can
be prolonged only by observing all rules of piece servicing and main-
tenance.

The replacement of eroded monobloc, built-up and cold-worked
barrels takes a great deal of time and is expensive. These shortcom-
ings are eliminated to a considerable extent in loose-tube and loose-
liner barrels.

The use of a loose tube or loose liner makes possible an in-
crease in a plece's rate of fire and the use of more powerful powders
which accelerate barrel wear but at the same time increase the muzzle
velocity of the projectile and maximum eZfective range. Moreover, one
need not fear that the piece will become unserviceable for a long time
requiring barrel replacement.

The barrels of mountain guns, because of the specific character
of their combat employment, are made to be dismountable (into three or
more parts), without taking up the clearance between tube and jacket
during firing.
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Modern artillery most frequently employs barrels with a cylin-
drical bore. In this case the area of the projectile cross section on
which the pressure of the powder gases acts is constant for the entire
path of the projectile's travel in the bore. To increase the muzzle
velocity of a projectile, the pressure of the powder gases must be in-
creased, or the path over the course of which they act upon the projec-
tlle must be lengthened. Gas pressure is increased by increasing the
welght of the charge and simultanecusly increasing the volume of the
powder chamber. The path over which the powder gases act is lengthened
by lengthening the barrel, Such methods are widely used in the develop-
ment and modernization of pieces.

But there is yet another method of significantly increasing the
muzzle velocity of a projectile with the barrel length remaining come
paratively short, viz, the use of conical bores.

A conical bore gradually ‘apers to the muzzle face, Usually
conical bores consist of three portions: the first one -- a rifled
cylindrical section -- has a large diameter and extends from the cham-
ber to approximately the middle of the barrel length; the third portion
-- a smooth-walled cylindrical portion -- has a smaller diameter and
is located at the muzzle end; between these is situated the second por-
tion -- a smooth-walled portion, which is conical in shape.

In barrels with conical bores the work of the powder gases is
utilized more fully and efficiently over the comparatively short path
of the projectile along the bore. For this reason, as well as the rel-
atively lighter weight of the projectile, pieces with a conical bore
are in principle cavable of providing high projectile muzzle velocities
-- 1300-1500 m/sec,

From the standpoint of interior ballistics, barrels with coni-
cal bores do not differ from the conventional barrels from which sub-
caliber shells are fired, but "conical character™ of bores means that
shells of good exterior ballistic shape leave the bore.

The caliber of a piece with a conical bore is indicated by two
numbers: in the numerator the larger caliber of the rear portion, in
the denominator the smaller caliber of the front (muzzle) end -- for
example, the 28/20, 42/28 and 75/55-mm guns of the World War II period.

Conical barrels erode very rapidly owing to the great amount of
werk in the shrinkage of the driving parts of a projectile, and thus
their accuracy life is short. Experience has also shown that fire
from such pieces can be more effective only at short ranges since the
light shell rapidly loses its velocity owing to great air resistance.

Pleces with conical bores have not gained wide acceptance in
our day owing to the complexity of the manufacture of the barrels.

Two types of breech rings are encountered in modern designs:
screw-on and screw-in, The use of breech rings offers certain advan-
tages: barrel manufacture is simplified at plants, and the replacement
of a removable tube or removable liner in case of damage is facilitated.
If the breech ring has great weight because of strength specifications,
the tipping parts of the gun can be balanced relative to the axis of
trunnions without using special equilibrators (this method is used in
naval and coast artillery). The breech ring also serves to connect
the barrel with the recoil mechanicm,
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The muzzle brake is an external sign of modernity of design in
many pleces. It 1s a massive short steel tube screwed onto the muzzle
end of the barrel. A muzzle brake has an axial hole for the exit of
the projectile and side ports (circular holes) for the escape of pow-

der gases.

The physical nature of the operation of a muzzle brake of any
type is as follows, When a shell leaves the barrel, the gases follow-
ing it strike with force against the walls of the ports or blades of
the muzzle brake and push it sharply forward together with the barrel.
At the same time, there also appears a reactive force acting in the op-
posite direction of the recoil. Thus, a mugzle brake decreases the
effect of a shot on the gun carriage by reducing the energy of the re-
coiling parts,

Cther things being equal, use of a muzzle brake permits the car-
riage to be made lighter and the length of recoil to be shortened,
which is especially important for self-propelled and tank guns.

Muzzle brakes can absorb from 20 to 70 percent of recoil energy,
and in scme cases even more., Muzzle brake efficiency is to a signifi-
cant extent determined by the design of the brake and by ballistic
parameters of the piece. Therefore the selfsane muzzle brake may have
varying efficiency depending on the amount of the powder charge and,
in addition, on variation in barrel ballistics due to the increase in
its wear with the increase in the number of rounds fired.

If a muzzle brake is present, the recoil mechanism absorbs
only the remainder of the recoil energy, and therefore is compact,
small in size, light in weight, and does not encumber the piece as a

whole.

According to the commonest classification, there are three types
of muzzle brake: positive type, positive-passive type, and passive
type (Figure 21),

In the positive muzzle brake, ring partitions are made perpen-
dicular to the axis of the bore. Powder gases strike these and are
ejected through the portec,

The passive muzzle brake !as no interior partitions. The powder
gases escape through side holes which are tilted rearwards. The result-
ant reactive force is guided in a direction opposite to the recoil,

The smaller thehole tilt angle (s the greater is the efficiency of
the muzzle brake (gun crew safety is the constraint here).

In the positive-passive muzzle brake the advantages of both the
above-described types are combined. To raise efficiency, deflecting
blades tilted rearwards, sometimes at different angles, are added.

For example, the West German company Reinmetall several years ago sug-
gested for artillery pieces the muzzle brake schematically depicted in
Figure 21,d. Here nse was made of the well-known principle of the de-
flection of powaer gases by numerous surfaces, The first deflecting
surface 2, situated at the muzzle face, is provided with a number of
holes 5. At the time the projectile passes along the barrel at the
level of the first deflecting surface, powder gases escaping through
the numerous holes 5 encounter the second deflecting surface 3 in their
way. Angle OX | formed by the first deflecting surface, is less than
angle & , formed by the second deflecting surface, in just the same way
the outside diameter of the first deflecting surface is less than the
outside diameter of the second deflecting surface.
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Figure 21. Diagrams of muzzle brakes:

a) positive type; b) passive type; c) and d) posi-

tive-passive tyve; 1) barrel; 2) first deflecting

surface; 3) second deflecting surface; U4) muzzle
brake body; 5) holes.

Keys:

1. Direction of gas exit
2. Direction of muzzle-brake action

In antiaireraft and tank guns the escape of powder gases is per-
mitted in all directions, in field guns to the left and right.

The use of muzzle brakes also introduces certain complications
into the combat servicing of 2rtillery pleces. The zone of increased
muzzle-wave pressure moves backwards as the wave propagates in the
region of the plece, 1. e, towards the gun crew., Protective measures
must pe taken to reduce the harmful effect of the muzzle wave on the
ears of persons in the crew manning field guns (use of helmets, ear
vlugs etc.). The poin* is that the harmful action of a muzzle wave »n
ears in many cases is cumulative in character, adding up from the expo-
sure to individual rounds. The repeated exposure of unprotected ears
to muzzle waves may cause the development of irreversible processes,
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leuding to tue onset of so-called "hardness of hearing,” i.e, irremedi-
able hearing loss. Auditory deterioration more frecuesmtly occurs in
the perception of freauencies in the 1500-30C0 Hz range, i.e. the most
frecuently enccuntered frequencies of human speech and music.

3. Breechtlocks

The breechblock is the most important tart of the piece. It
absorbs the great pressure of the powder gases.

Very rigid reauirements are set for any breechblock regardless
of its design. The breechblock must be strong and safely lock the bar-
rel; it must prevent svontaneous opening during firing; preclude even
insignificant escape of powder gases to the rear; assure speedy open-
ing and closing of the bore at all angles of elevation; take up as lit-
tle room as possible in the open position; prevent firing if the recoil
mechanism is not connected to the barrel (for pieces in which the bar-
rel is pulled back in the traveling position) or in cases of failure
to return to battery, when the recoiling parts fail to return to their
initial position after firing; assure dependable operation of the fir-
ing mechanisms and extraction of the case after firing or of the entire
cartridge in the event of misfire; must be simple in construction and
easy to service. In addition, an essential requirement is that volun-
tary firing must not be permitted unless the breecinblock is completely
locked and its opening precluded until firing has taken place.

According to principle of operation, breechblocks are divided
into nonautomatic (manually operated), semiautomatic and auvtomatic.

Several types of breechblock are known but modern artillery
pieces, as a rule, employ only the sliding-wedge and screw type.

Figure 22, Sliding-wedge type breechblocks:

a) vertical; b) horizontal; 1) breech ring; 2) wedge.

Sliding-wedge tyne breech mechanisms (Figure 22) are of two
kinds -~ vertical and horizontal., In vertical wedge-type breech mech-
anisms the pull on the operating handle is uneven and, if the weight of
the wedgze is great, may even be beyond the strength of a single person,
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This has necessitated the introduction of equilibrators in the form of
springs which rise when the breech:lock is opened and reduce the ener-
gy of the wedge's drop downwards, and conversely when the breechblock
is closed, facilitate the wedge's ascent. Horizontal wedge-type breech-
blocks do not have this shortcoming. In their case the exertion of
opering and closing the breechblock is uniform, but rooe is required
for the wedge to move to the side, The foregoing determines the sphere
of employment of wedge-tyoe breechblocks: vertical for smaller-caliber
pieces, horizontal for larger caliber vieces.

Designs of wedge-type breechblocks differ, but they all have in
common a massive wedge in the form of a prism boused in the wedge slot
of the breech ring. ‘lhe front surface of the wedge is perpendicular
to the axis of the bore, and the back (bearing) edge forms an angle of
about 2° with the front edge. Thus the wedge tapers to one end, This
structural execution assures safe locking of the bore.

& Nongcenue 30 H38a8a O Nonowcenye riocre 235oda

Figure 23, Firing mechanism of wedge-tipe breechblock:

1) cover; 2) firing spring; 3) firing pin; 4) sear;
5) striker.

Keys:

a. Position before cocking
b. Position after cocking

In addition to the locking mechanism, every breechtlock has sev-
eral more mechanisms, for example, firing mechanism, extractor, safety
lock. Figure 23 shows the operation of the firing mechanism, The ex-
tractor serves to eject a spent case after firing or to extract a fixed
round in its entirety in case of misfire. When the breechblock is
opened, the wedge strikes the small shoulders of the extractor, and the
latter, turning cn its arvls, extracts the svent case from the chamber
with the catches on the large shoulder.

The simplicity of the opening and closing of sliding-wedge type
breechblocks permits automation elements to be wicely used in them,
which creates favorable possibilities for an increasc in the rate of
fire and lightens the work of the crew,
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Wedgn-type breechblocks with a cam plate-type semiautomatic de-
vice have gained the widest accevtance. The semiautomatic device usu-
ally consists of two varts: closing mechanism, which is situated in the
breech ring and participates in recoil, and cam-plate device, which is
wmounted on the cradle bracket and does not participate in recoil. When
the barrel recolls after firing, the cax of the closing mechanism
forces the cam plate cut with its ocevel and moves further to the rear.
During counterrecoil the cam runs against the cam plate and rotates the
axle of the crank. The erergy of the rotation of the crank suffices to
ccek the firing pin and lower the wedge, which strikes the lower shoul-
ders of the extractor and assures extraction of the snent case. The
closing spring is compressed. The vlece is ready for the next loading.

Screw-tyve breechblocks., The basic rart of this kind of breech-
block is the cylindrical body (breech» screw), which is provided with
screvw threads and screwed into the corresponding recess of the breech
ring (Figure 24). The ‘“reads cf the breech screw, engaging with the
threads of the breech recess, aisure safe locking of the bore during
firing. For speecdy overation <f the breechblock the threads are not
made around the entire circumference of the breech screw and breech re-
cess, but orly in sectors, for example, at 90° intervals. When the
breechblock is clused, the thrended sectors of the breech screw enter
the slotted sectors of the recess and the threads of the recess go into
position opposite the slotted sextors of the breech screw. ®hen the
breech screw is turned 90°, the threads of the breech serew engage the
threads of the breech recess, and the bore is locked.

Figure 24, Screw-type breechblock:

1) recess of breech ring; 2) breech screw; 3) oper-
ating level of breechblock carrier.

At this point a conflict arises. To make possible speedy opera-
tion of the b-eechblock, the number of threads have to be decreased.
But a small number of threads loosens the hold of the breech screw in
the recess since the area of engaging surfaces does nct suffice .
Therefore, designers are seeking optimum solutions (steo-thread screws
with varyiny -he gt sectirs and thread of varying diameters etc.).

The breech screw is mounted on a block carrier, wiich is hinged
to the breech ring of th  barrel by means of an axle with an operating
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lever. When the breechblock is opened, the breech screw comes com-
pletely out of the breech ring.

Depending on the location of the carrier axle, screw-tyre
breechblocks may be vertical or horizontal, the same as wedge-tyve
blocks.

Screw-tyoe breechblocks are subdivided into two-cycle (first
cycle: screw, together with block carrier, moves along an arc until
it completely enters the breech recess; second cycle: screw turns on
its axle until it completely engages with the threads of the breech
ring) and three-cycle (first cycle: screw, together with block car-
rier, is brought into contact with the breech face along an arc; sec-
ond cycle: screw moves out of carrier and enters breech recess;
third cycle: screw turns until it engages cormpletely with threaded
sectors)

Ordinarily screw-type breechblocks consist of the following mech-
anisms: locking mechanism; firing mechanism; extractor; safety lock; a
device to facilitate lo-ding; and a case retaining mechanism.

The locking mechanism includes such basic parts as screw, block
carrier, ooerating lever, bolt stop and rack (Figure 25). The firing
mechanism is housed in the central recess of the screw and carrier and
consists of firing mechanism and firing hook, and traveling safety lock.
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Figure 25. Locking mechanism of screw-type breech-
block.
Keys:
1. Operating lever
2. Rack
3. Screw
4, Axle
5. Toothed quadrant
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The inertia-type safety mectanism precludes opening of the
breechblock without. additional manipulations if no shot resulted after
release of the firing pin, for example, in the case of hangfire. If,
however, a shot did take place, an inertial body under the action of
the force of inertia, compressing the spring, sinks into the recess of
the breech ring, liberates the rack and permits the btweechblock to
open freely.

In the breech recess there are projeciions and grooves in which
both the head and the rotating band of a shell can become lodged during
loading. A loading facilitator in the form of a regulating plate pre-
vents this. When the breechblock is opened, the plate rises and moves
forward. Therefore the shell, traveling over the top of the platz,
does not become lodged. When the breechblock is closed, the plate drops
into place and does not hinder entry of the breech screw into the re-
cess.,

The shell-case retaining mechanism keeps the shell and case from
falling out of the chamber when the plece is loaded at large angles of
elevation. When the breechblock is opened, the shell-case retaining
mechanism under the action of its own weight turns on its own axis and
drops down. The shell or case can be moved forward but they can no
longer fall backwards. When the breechblock is closed, the screw raises
the shell-case retaining mechanism.

In screw-type breechblocks for large-caliber bag pieces (which
use no case) plastic obturators are employed.

Figure 26. Screw-type breechblock with plastic
obturator:

1) breech screw; 2) obturating pad; 3) mushroom-head
spindle.

The modern plastic cbturator (Figure 26), as a rule, consists of
mushroom-head spindle, obturating gas check pad, split rings and
filling-in dis¥s. A vent is made along the axis of the mushroom-head
obturator spindle in order to communicate the fire power to the powder
charge.

During firing, the mushroom-head spindle absorbs the powder-gas
pressure and, moving backwards, corpresses (so to speak, flattens) the




J-9750 (o

obturator pad. Under the pressure of the umushroam-head spindle the
pad, which is made of plastic materials, expands in radial directions
ard presses against the chamber walls, whereby obturation of powder
gases between breech ring and breechblock is achieved. After firing,
due to its elasticity the obturating pad recovers its initial dinen-
sions and does not impede ovening of the breechblock.

Complex requirements are set for plastic obturators: simplicity
and low cost of production; operating reliability under various tempera-
ture conditions; the necessary plasticity and at the came time suffi-
cient strength and chemical stability of pad material; elimination of
adhesion to chamber walls and breechblock etc. Use of a plastic ob-
turator must not lower the maximum rate of fire technically possible
for a given piece.

Although plastic obturators have beer; in existence for dozens of
years, the formula for their plastic and the technology of its produc-
tion have not yct been finally established. The composition of obtura-
tor plastic has included, for example, asbestos, various binders (fats,
wax), graphite etc. Therefore, the cuality of the operation of a plas-
tic obturator depends not only on its design, but also on the quality
of the manufacture of its individual elements.

The question is sometimes asked: Which breechblock is better
-- the sliding wedge or screw-type? From the standpoint of strength,
both types of breechblock are equal. A comparative evaluation of
sliding-wedge and screw-type breechblocks in resvect cf other param-
eters is given in Table 8.

Table 8

COMPARISON (F SLIDING-WEDGE AND SCREW.TYPE BREECHBLOCKS

Sliding-wedge Screw-type
RusraiSsisp e breecgblocg breechblock
Ease cf opening and Better Worse
closing
Weight of breechblock Heavier Lighter
(other things being equal)
Ease and safety of Better Worse
loading A E
Wear/§$¥6%§é¥1§Xr?£ces Less More
Labor-intensiveness Less More
of production
Feasibility of automa- More Less
tion and maximum rate of fire

As regards ease of breechblock opening and closing and the ef-

fect of breechblock type on maximum rate of fire, the advantages of

the sliding-wedge breechblock are obviocus., During the opening and
closing of the sliding-wedge breechblock only the wedge is moved in the
direction of the breechblock's motion -- the effort expended on this
travel in case of horizontal motion being independent of angles of ele-
vation. To open a screw-type breechblock, first the breech screw must
be turned and then the breechblock opened. Although both these motions
are performed with one turn of the operating lever, it still takes more
time than in the case of a sliding-wedge breechblock. This difference
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in time is insignificant for small-caliber pieces, but it changes to
the advantage of the sliding-wedge breechblock with an increase in cali-
ber. The time difference becomes very appreciable if the screw-tyre
breechblock has three-cyzle action.

In pieces with a screw-type breechblock the possibility of the
loader's hand getting caught between the breechblock and breech face
is not out of the ouestion in the event of faulty teamwork between
assistant gunrer and loader. With the sliding-wedge breechblock such
an occurrence is entirely ruled out.

In loadine a piece with a sliding-wedge breechblock the round
is rammed through a notch in the breech ring. This gives a special ad-
vantage, for example, to antiaircraft gurs firing at large angles of
elevaticen. The height of the line of fire can be lowered by introduc-
ing vart of the round during loading into the notch in that part of
the breoch ring behind the wedge. This contributes to an increase in
the stability of a piece in the event of small angles of elevation,

In the sliding-wedge breechblock there are more opportunities
for the employment of automation or elements thereof: breechblock op-
ening and closing requires only one rectilinear motion, which makes
possible rapidity and simplicity of action in such a breechblock. In
screw-type breechblocks this is harder to do since the forward motion
of the parts of the semiautomatic device has to be transformed into the
rotary and translational motion of the breech screw as it is closed and
onened,

When designers are creating a new piece, they base their choice
of the type of breechblock primsrily on the purpose of the gun, its pre-
scribed maximum rate of fire and the type of ammunition,

In modern artillery sliding-wedge breechblocks are usually em-
ployed in fixed-ammunition and separate-case pieces, Here the cartridge
case itself serves as obturator. Expanding under the pressure of pow-
der gases during firing, the case presses against the chamber walls and
prevents the escape of gases to the outside,

Screw-type breechblocks are used in medium- and large-caliber
new pieces. Obturation in screw-tyve breechblocks is accomplished by
the cartridge cases. However, if the charge is inserted in a powder
bag rather than a case, only screw-tyve breechblocks with a plastic ob-
turator are used.

To fire a case gun, the breechblock must be vpened, the spent
case ejected, loading must take place (a projectile and charge or fixed
round inserted), the breechbolt must be closed, the firing pin cocked
and released., If all these operations are performed through the ener-
gy of powder gases during firing, the breechblock is said to be auto-
matic. Such breechblocks are widely emrloyed in antiaireraft artillery,
for example.

If, however, only part of the above-enumerated operations are
performed automatically, the breechblock in this case is said to be
semiautomatic., Such a breechblock automatically opens after firing,
ejects the spent case, and closes after loading., Actual loading and
firing, however, are performed manually.

The inventor of the semiautomatic breechblock was our fellow
countryman, Engineer of the Putilovskiy Plart F. F, Lender, who in

T e . W
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1914 developed a three-inch gun with this kind of breechblock. F, F,
Lender was granted patents in Russian, the United States, England and
Francs for his invention of the semiautomatic breechblock.

Sliding-wedge and screw-type breechblocks were first created in
Russia. The following historical fact is of interest. At the end of
the nineteenth century the German canncn king Friedrich Krupp came to
Saint Petersburg. He visited the Artillery Historical Museum and spent
more than an hour looking at a small arquebus which had a horizontal
sliding-wedge breechblock with an opening and closing mechanism., Xrupp
asked to buy the arquebus, but was refused. His manifestation of such
erreat interest in a Russian artillery relic was not fortuitous. It
turns out that the Krupp Company in the 1860's contrived to patent the
production of sliding-wedge breechblocks and made a lot of money on
this deal ilthough the Krupp "invention" was not original. Incontest-
able priority in the invention of sliding-wedge breechblocks went to
the Russian master craftsmen who were more than two and a half cen-
turies ahead of West furopean craftsmen.

The fi-st screw-type breechblock with self-cocking firing pin,
cartridge case extractor and safety lock in the nistory of artillery
was created by the talented Russian inventor V. S. Baranovskiy in 1872,
i.e, 25 years earlier than in other countries.

4, Gun Carriage and Its Mechanisms

The carriage of the modern field piece performs two functions:
it serves as a combat mount for the entire piece during firing and as
a means of transport (vehicle) during movement.

In the broad sense of the word carriages are divided into two
basic groups: carriages for mobile guns and carriages for stationary
(fixed) guns.

Mobile guns have running gear and can deliver fire directly
from the ground.

Stationary pieces are connected permanently to foundations which
are constructed beforehan® at certain points of the terrain (coast ar-
tillery) or which constitate part of some structure (shipboard artil-
lery). Pieces which are subject to specific conditions of combat em-
ployment (aircraft, tank, self-propelled, railroad mounts) are
regarded as stationary (semistationary).

The carriare of an artillery piece absorbs all the force of the
recoil on firing, The force of the recoil is rather great, for exam-
ple, for 76-mm puns it reaches 115 tons, and for 152-mm howitzers ex-
ceeds 400 tons.

014 pguns, whese barrels were rigidly attached tc the carriage,
rolled backwards after every round. To return the piece to its posi-
tion and restore pointing took precious cembat time and much effort.
Artillerymen have always tried somehow to inhibit the recoil of a
plece and to facilitate rolling it back into its previous position,

At first uce was made of simple devices in the form of wedges placed
under the wheels of a piece. During recoil the piece rolled back onto
the wedges and then rolled off them down an inclined plane and resumed
its initial position.
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Our fellow countryman V., S. Baranovskiy, employing a hydraulic
recoil brake and spring recuperator, created a quick-firing gun, whose
carriage remained in position during firing and whose barrel first
rolled backwards and then returned into initial position, Thus, the
first gun carriage with recoil mechanism was created. All tube artil-
}e:{ nowadays uses this principle of recoil-energy absorption during

iring,

The carriage of the modern piece includes the following assem-
blies: cradle with recoil mechanism; top carriage with elevating and
traversing gear; equilibrators; bottom carriage with trails, spades
and trail handspike; running gear with axle and wheels, suspension
and brakes; shield assembly; gun-iraveling lock assembly; auxiliary
mechanisms (cranes, jacks, rammers, mechanism for bringing a piece to
loading angle etc.S: sighting mechanisms,

Without going into the details of the complex physical picture
of the effect of firing on the carriage, let us note that a properly de=-
signed plece is stable and immobile during firing, i.e. during firing
it should not move over the ground (immobility), nor should wheels or
tracks lcse contact with the ground (stability).

Travel of the barrel over the guides of the cradle during fir.
ing is called recoll, and the barrel together with the parts partici.
pating in recoil ars called the recoiling parts.

The recoil mechanism is intended for the smocth braking of the
recoiling parts of a plece during firing, for their smooth return o
initial position and secure retention in the extreme forward position
until firing, whatever the angle of elevation.

The recoil mechanism includes: recoil brake; counterrecoil
brake; and recuperator,

The recoil brake retards and limits barrel recoil along the
cradles The counterrecoil brake brakes the recoiling parts during
counterrecoil, Both brakes in modern pleces are hydraulic and are
structurally united into a single whole,

The recuperator serves to return the recoiled barrel to initial
position and hold it in forward position at angles of elevation. In
addition, the recuperator takes part in braking during recoll of the
barrel, and absorbs 10-15 percent of the recoil energy. Recuperators
are of either the spring or hydropneumatic type. Sometimes pneumatic
recuperators are used, for example in the dasign of the 10S-mm gun of
the new West German Leopard tank.

The recoil brake (Figure Z7) consists of A cylinder and piston
rod inserted therein, The cylinder is filled with liquid. The front
end of the rod is fastened securely to the cradle cap. Small apertures
are made in the piston.

During firing, the barrel of the piece rolls to the rear; to-
gether with it the recoil brake cv’*nder and throttling bar also roll
to the rear. In drawing to the i.ar th. front lower end of the brake
cylinder presses on the liquid, which is practically incompressible,
and forces it to spurt thrcugh the narrow vents of the stationary pls-
ton into the rear part of the cylinder. Since the apertures in the
plston are small and the amount of displaced liquid is coumparatively
large and during recoil flows very rapidly, the liquid exerts a strong
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resistance, which takes most of the recoil furce to overcome. The re-
sistance to the spurting is the greater, the smal_er the apertures and
the greater the recoil velocity. The remzinder of the recoil force

goes to compress the springs (or air) in the recuperator and to over-
come friction forces.

- TS T

Figure 27. Diagram of operation of recoil brake:

1) rod; 2) buffer valve; 3) cylinder; &) throttling
bar; 5) replenisher; 6) adjustiug ring; 7) buffer:
8) piston.

During recoil of the barrel the liquid goes through the aper-
tures in the piston in two directions: to the rear part of the cylin-
der through the annular space between the adjusting ring and throt-
tling bar, and to the front cavity of the rod through the apertures in
the buffer, displacing the valve of the latter. A certain amount of
the 1liquid gets into the front cavity of the rod through grooves of
variable depth on the inside surface of the rod. The size of the
annular space between the throttling bar and adjusting ring of the
piston varies with recoil since the throttling bar has a variable
cross section,

When all the recoil force is absorbed and the barrel remains in
the rear position, the springs {or compressed air) of the recuperator
will begin to expand and counterrecoil of the barrel will take place.
The liquid in the brake, passing through the apertures into the pisten,
will flow back into the front part of the cylinder, but at a far lower
rate than during recoll, The reverse flow of the liquid brakes counter-
recoil, makes it smooth (without shock) and gradually decelerating.
This function is performed by the counterrecoil brake. During counter-
recoil some of the liquid, which gets into the space behind the buffer,
presses on the buffer valve, moves it and closes the apertures in the
buffer. The liquid can now spurt only through the grooves of variable
depth located on the inside surface of the rod. Smoothness of counter-
recoil is achieved by virtue of the fact that at the end of counterre-

coil the grooves of varlable cross section diminish until they are
nothing.

Some pieces employ the "opposite® design of the recoil brake:
the brake cylinder is immovably fixed in the cradle and the rod is
connected to the breech wing of the barrel. In this case, barrel and
brake rod participate in reccil, but cylinder and cradle remain immo-




J-9750 79

bile, The operating principle of such a recoil brake is esseatially
the same,

The recoil brake is a heat machine transforming mechanical ener-
gy into thermal energy. After every round the temperature of the lig-
uid in the brake cylinder increases aporoximately one degree. Heating
of the liquid is accompanied by an increase in its volume. This may
result in failures of the barrel to return to battery and even to
breaking of rods. To continue firing, the volume of liquid in the
cylinder must be decreased by lettinz scme of it out, But then the
fluid that has been let out has to be added to the cylinder when the
recoll brake cools off.

Speclal devices -- liquid replenishers -- are emplioyed in mod-
ern pieces so tnat the brake. cylinder is always filled with liquid
regardless of the heating temperature of the recoil mechanism,

Replenishers automatically regulate the amount of liouid in
recoil brakes. Replenishers are of the hydropneumatic or spring type.
Their princinle of operation is the same.

The body of the replenisher is usually rigidly connected with
the brake cylinder (Figure 27). Separating them is a partition, into
which a curved tube is welded. There is a certain amount of liquid in
the replenisher. During firing as the liaquid erpands in the brake
cylinder, some of it overflows thrcugh the tube into the body of the
replenisher, compressing the air tnere. When a lull in firing occurs,
the licuid in the brake cylincer cools off and its volume decreases.
The air compressed in the repienisher forces out the liquid into the
recoll brake cylinder.

The commonest type of recuperator is the hydropneumatic system,
It consists of two or three communicating cylinders connected to the
barrel, One or two cylinders are filled with liquid. The outer cylin-
der contains air or nitrogen under 25-40 atm prescure. A rod and pis-
ton are housed in the working cylinder and there are no apertures in
the piston.

During firing the barrel of the piece, together with the cylin-
ders of the recuperator, is drawn to the rear (Figure 28), The rod,
fastened to thc cradle, remains statiorary. Therefore the liouid is
forced from the working cylinder into the outer cylinder where the air
(nitrogen) is compressed to 80-100 atm. At the conclusion of recoil
the compressed air (nitrogen) expels the ligquid from the outer cylinder
into the working cylinder. Pressure is transmitted to the piston. The
latter, remaining in place, forces the cylinders to move, and the bar-
rel together with them. Counterrecoil takes place.

There are recuperators whose rod recoils with the barrel while
the cylinders, fastened to the cradle, remain in place.

To fill the recoil mechanism, anticorrosion and antifreeze liqe
uids are used, for oxample, spindle olil, steol etc.

The placement of the recoil mechanism relative to the barrel is
determined by the general layout of the piece., In some cases both re-
coil brake and recuperator sre side by side under the barrel; in others,
the recoil brake is under the barrel, while the recuperstor is above
the barrel. Tf a piece has a powerful muzzle brake and consequently
a small-siged recoil mechanism, the latter is housed above the breech
ring of the barrel,
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Figure 28, Diagram of operation of recuperator.

¥ays:

1. Bofore firing
2. End of recoil
3. Counterrecuil

In pieces with double recoil the method of recoil resolution
used is as follows: first, as in all pleces, the barrel recoils along
the cradle and, second, the cradle with barrel and top carriage recoils
along the guides of the bcttom carriage. In this case, recoil energy
is lessened by increasing tne weight of the recoiling parts.

In pleces with a reverse recoil cycle, during firing the recoil-
ing parts first roll forward and then roll backwards. To fire a round,
the recoiling parts must be released from the locked position, i. e.
the gun must be moved forward. When the recuperator speeds up the re-
coiling parts, the firing pin will automatically be released, In this
case the force of the action of tue gases on the barrei first brakes
counterrecoil and only later imparts motion to tte recoiling parts.
Cempression of the recuperator before the first round is fired is usu-
ally effected by means of a pneumatic energy ccorage device.

Aiming and laying mechanisms -- the traversing and elevating
mecharism -- serve to aim the piece at a target. The traversing mech-

anism makes possible laying for direction, the elevating mechanism
laying for range.
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The essence of the operation of aiming and laying mechanisms
is to impart motion from a manual, mechanical, hydraulic or electric
drive to the tipping or rotating parts of a plece.

Alming and laying mechanisms of modern pieces are of the rack
and screw type.

The rack-type elevating mechanism is constructed as follows.
On the bottom of the cradle (or on the side) there is a rack which
meshes with a spur gear attached to a shaft in the top carriage of the
plece. The rotary motion of the handwheel of the elevating mechanism
is imparted to the shaft and gear through a gear train. The gear, mov-
ing along the rack, turns the barrel around the cradle trunnions, making
possible laying in the vertical plane.

The screw-type traversing mechanism consists of a screw hinged
to the bottom carriage, housing, and a shaft with a handwheel. The
housing is permanently connected to the shaft and is screwed onto or
off the screw by turing the handwheel. Since the shaft is hinged to
the bracket of the top carriage, moving it will result in turning the
top carriage relative to the stationary bottom carriage. t

To maintain the direction imparted to the barrel, aiming and
lay*ng mechanisms are made to be self-braking. Some pieces use aiming
and laying mechanisms with gear-boxes, which permit varlation of aiming
speed.,

The equilibrator is intended to relieve the elevating mechanism
and thus facilitate the work of the gunlayer who points the piece in
the vertical plane. The need for such mechanisms is due to the fact
that artillery pieces nowadays have long barrels, great elevation
ranges and high aiming speeds., Under these conditions it is impossi-
ble to do without reliable balancing of the tipping parts.

Modern pleces widely use spring, pneumatic and hydropneumatic
equilibrators,

A distinction is drawn between eaquilibrato - of the push and
pull type according to the site and method of appisication of the bal-
ancing force to the cradle. In the former case balancing is achieved
by pushing the cradle upwards, in the latter case by pulling the rear
part of the cradle downwards,

A pneumatic equilibrator of the push type consists of one or
two symmetrically placed columns, each of which has an outer and inner
cylinder, packing, and a valve. The ball pivot of the outer cylinder
enters the corresponding cradle bed. The inner cylinder enters the
outer -ylinder and rests its ball pivot on the top carriage., The air
between the two cylinders, compressed to 50 atm, props up the front
end of the cradle and thus decreases the influence of the weight of
the muzzle end of the barrel on the elevating mechanism.

In spring ecuilibrators the rcle of compressed air is performed
by springs arranged as a single soring or as two springs of varying
diameters.

Pneumatic mechanisms are very compact and light in weight, but
their functioning strongly depends on the temperature of the surround-
ing environment. Therefore they need systematic adjustment.
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Spring mechanisms are simple in construction and their function-
ing is not dependent on air temperature, but they are cumbersome and
heavy in weight.

The bottom carriage is a strong cast, welded or riveted struc- 3
ture, which houses the rotating parts of a piece. Trails and running
gear are fastened to the bottom carriage.

Modern field pieces emoloy only split trails. Two trails enable
a piece to have maximum traverse up to * 25-36° during operation of
the traversing mechanism; three or four trails make possible all-around
fire, Trails are made of tubes or are welded (riveted) beams cf vari-
able cross section. The length of a trail depends on the power of the
gun and its weight.

Trails terminate in spades which rest in the ground. For ease
of operation spadas are made to be collavsible or removable. FEeside
the spades on some pieces removable or collapsible rollers are in-
stalled, which facilitate opening the trails or nanhandling the pieces.

An entrenching tool and spare parts are usually attached to the
trails., At the rear end of the trails there is a drawbar to connect
the piece to the hook of the orime mover.

The running gear of a piece ccnsists of axletree, wheels, sus-
pension with spring disconnecting mechanism, and brake system.

Towed artillery nowadays employc metal wheels of the automobile
or streetcar type with rubber tires filled with sponge rubber. Such
tires are very elas.ic and suffer little damage. The wheels of some
pieces have ca.erpillar bands instead of solid tires.

The mobility of a piece depends on the size of the wheels. High
wheels easily roll over rough places in its way, small rocks, roots of
trees etc. But in this case the entire gun carriage becomes higher
and its stability declines. To retain high wheels and at the same time
not lose stability of the piece, the axletree of the gun carriage is
made with a dropped center,

It is known that a wheel with a wide tire cuts less into the
ground and more easily traverses muddy places. However, widening the
tire increases wheel weight. Therefore, designers seek the optimum
combination of these conflicting parameters. To increase trafficabil-
ity, sometimes dual wheels are employed.

In movement over hard and rough terrain at elevated speeds a
gun experiences sharp pumps and impacts which can shake it up and cause
serious damage. To decrease the harmful effect of bumps and shocks on
the mechanisms in modern pieces, suspension mechanisms are used.

In essence, suspension consists in the use of an elastic coup-
ling between the running gear and bottom carriage of a piece. The
elastic element assures a smooth increment of the force coming from an
obstacle on the suspension parts of the plece,

Modern artillery employs three types of elastic suspension ele-
ments: laminated springs, coil springs, and torsional suspensions.

A diagram of the commonest torsion-bar suspension is shown in
Figure 29. A torsion bar is a long steel rod which is subject to tor-
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sion. At the thickened ends of the rod there are splines. One end of
the rod is fixed in the bottom carriage, and to th:pother is attacheg

a rocker amm with a wheel, If the wheel in motion encounters some ob-
stacle, the rocker arm goes up and the torsion bar twists. Since steel
possesses elasticity, the torsion bar untwists when the wheel gets by
the cbstacle. Twisting of the torsion bar takes place within the
limits of elastic deformation, and therefore it acts as a soring. To
avoid breakage of the torsion bar in the event of overloadiﬁg. the turmn-
ing of the rocker arm is limited by a stop with a rubber buffer. Tor-
si9n;:ar suspension is distinguished by compactness of design and light
weight,
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Figure 29. Diagram of torsion-bar suspension:

1), 4) splined sectors; 2) hollow axle; 3) rod;
5) gun carriage; 6) rocker arm; 7) wheel.

During firing the susvension is disconnected, Unless this is
done, during firing the top carriage and barrel will vibrate on the
springs, and this will impair the stability of the piece. The suspen-
sion is automatically disconnected when the trails are opened, and
connected when the trails are closed, i.e., when the piece changes from
firing position to traveling position. To brake a gun on the march,
especially in case of sudden stops, wheel braking devices are used:
shoe brakes, band brakes etc. Braking is accomplished by a cable run-
ning from the driver's cab of the prime mover.

The shield assembly protects personnel and mechanisis of a
piece from hits by bullets and fragments of projectiles and mortar
shells. 1In guns with powerful muzzle brakes, shields lessen the harm-
ful effect of muzzle waves on che gun crew.

The shield asserbly of modern field pieces consists of two
shields: a fixed shield attached to the top carriage, and a movable
one attached to the tipping parts. In the fixed shield an ovening is
made, through which the barrel and cradle pass. The size of this open-
ing must permit the tipping parts to move up and down. The movable
shield covers the opening in the fixed shield.
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Gun shields are made of special steels and are from 3 to 10 mm
thick.

To decrease the penetrability of shields, screened structures
are used, Instead of one shield, two are placed 20-25 mm apart and are
rigidly fastened together with braces. The idea of screen construction
is that after fragments or bullets penetra‘e the first shield, they
lose some of their energy, are deformed, and change flight direction,
Tberefore, corditions for penetration of the second shield are appre-
ciably worsened.

The gun-traveling lock assembly protects the most important ase
semblies and mechanisms of the piece against impact loads while travel-
ing. For example, the elevating mechanism, especially the elevating
rack mechanism whose teeth can get bent or broken, suffers from jolts
in motion. To rrevent this from happening, before traveling the tip-
ping pvarts of a piece are brought into an approximately horizontal
position and fastened to the bottom carriage by means of a beam or by
locldng devices.

In large-caliber pieces the barrel is pulled back along tlie
cradle and then secured with locking devices, This permits uniform
distribution of the weight of the piece over all the wheels,

Auxiliary gun carriage mechanisms are excecdingly diverse,
Their purpose and design are determined by the operating peculiarities
of the specific plece. If, for example, a piece has a heavy shell,
devices and mechanlsms are employed to make loading easy and conven-
ient.

One such loading device consists of a chute and a graded runway.
Axles are welded on underneath the chute, and wheels are put on the
axles, The chute moves freely along the graded runway to the loading
tray of the piece.

Some guns nave interlock mechanisms which rule cut the possibil-
ity of firing when assemblies are improverly connected.

Small reaction engines are soretimes used to get speedy and sure
adhesion of a plece's spades to the frozen ground. They make it possi-
ble to drive the spades into the ground very rapidly.

It is known that when a plece is set up in a fire position, ar-
tillerymen try carefully to level the gun platform since a tilt to the
left or right of a piece's axls of trunnions sharply worsens the accu-
racy of fire. To avoid such an undesirable occurrence, norizontal
leveling mechanisms (jacks) and counterpolses are made part of some
pleces.

The essence of the operation of the counterpolse is to provide
a plece with three footings (center of gun-carriapge axle, spades of
two spread trails).

American forces in South Vietnam use special aluminum platforms
to mount pleces, especially the 105-mm M102 howitzer, on muddy and scft
ground and on rice paddies. The floor of this platform is made of re-
inforced glued olywood., The platform itself is set v on four adjust-
able supports, Weight: 2225 kg; length 6.7 m, The platform is trans-
portable by helicopter. In the opinion of American specialists, such
a pun platform assures accuracy of artillery shell fire praccically
unattainable in firing from soft ground.
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To give the barrel the necessary position (angles of elevation),
sighting mecnanisms are employed whose construction is oractically
identical for all pieces desrite a difference in certain parts and
assemblies derending on the type of piece.

The present chapter has considered the principles of construc-
tion of towed field artillery pieces and mortars.

Design peculiarities and specific mecharisms of tield self-
propelled, auwxiliary propelled and recoilless guns, tank, antiaircraft
and other types of artillery are covered in Chapters VI-VIII,




J3-9750 86

Chapter V
ARTILLERY AMMUNITION

1. The Artill Round

In contrast to a round as a physical phenomenon, by *artillery
round® is meant tte full unit of all the ammunition elements necessary
for the firing of a single round. This unit includes (Figure 30): a
specific-purpose projectile or mortar shell, a firing device or time
fvze, a propelling (powder) charge, a case (bag) in which the charge
is placed, and a propelling-charge primer. The artillery round of
some pieces includes auxiliary elements to the charge, for example,
deterrents, flash detonators, decopperers etc.

Figure 30, Elements of an artillery round:

1) firing device; 2) detonating cap; 3) detonator;

4) shell; 5) bursting charge; 6) cardbosrd obtura-

tor; 7) shell case; 8) propelling (powder) charge;
9) primer or electrical cup.

Based on their function, rounds are classified as service, prac-
tice, blank and dummy rounds.

Service rounds are designed for field firing. Units of fire of
guns consist of a certain combination of thess.
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Practice rounds are used for target practice on artillery
ranges. They differ from service rounds in ‘hat they have simple and
cheap projectiles which make possible only the observition of bursts
or holes in practice targets. Reduced charges are used to reduce bar-
rel wear.

Blank rounds are designed for the simulation of fire in troop
exercises, for signals and salutes. A blank round has no projectile.

Dummy rounds are used to train gun crews. They are made up of
blank elements of service rounds.

Types of artillery rounds based on the manner of loading are
shown in Figure 31.

Figure 31. Types of artillery rounds:

a) fixed round; b) separate case-loading round;

c) separate bag-loading round; 1) case wiih pro-

pelling charge; 2) shell; 73) propelling charge
in bag; 4) charge primer.

Projectiles (mortar shells) are designed for target damage (de-
struction, demolition, incendi-ry effect etc.), ranging fire, target
designation or for support of the execution of a combat mission (smoke
screening, illumination ete. ).

Based on combat function, the various types of projectiles
(mortar shells) are subdivided into three groups:

basic-purpose shells -- fragmentatior, high-explosive fragmen-
tation, high-explosive with ready-made damage elements, armor-piercing
(solid, with bursting charges, subcaliber), shaped-charge, concrete-
piercing, incendiary, canister;




special-purpose shells .. smoke, illuminating, leaflet;

auxiliary-purpose shells -~ practice, dummy.

The unit of fire of any gun or mortar includes several projec-
tiles (mortar shells) with different purposes and working principles.

Firing devices and time fuzes are used for the timely actuation
of projectiles (mortar shells) at a target or at a given point of the
trajectory.

A propelling charge imparts the necessary mugzle velocity to a
projectile (mortar shell). The powder charge is ignited by the force
of the fire of the primer cup.

The shell case is designed to accommodate the propelling charge
and its primer and to protect the charge from molsture and mechanical
damage and obturation of the powder gases during firing. In fixed
rounds the case combines charge and shell into a single whole.

2. Explosives

Explosives are the energy source for fire from any type of mod-
ern firearms and for target destruction. Explosives acted upon by an
insignificant external force are capable of instantaneous chemical
transformrtion -- an explosion,

The essential criteria of an explosion are a tremendous rate of
chemical transformation, the generation of a large quantity of high-
temperature gases, and a sharp report. The potential energy of explo-
sives during an explosion is converted into the mechanical work of
expanding gases, which fragmentize and destroy surrounding objects.

The explosion process itself is brief, lasting from hundredths
to millionths of a second.

The volume of gases evolving during the explosion of any explo-
sive is much greater than the volume of the explosive itself. Thus,
1440 liters of gases are evolved in the combustion of a liter of nitro-
cellulose powder.

The work of an explosion is also determined by the ouantity of
heat thzt is emitted. One thousand calories of heat are emitted in
the explosion of one kKilogram of TNT or in the combustion of one kilo-
gram of smokeless powder.

The temperature of the gases in an explosion reaches 2200-
Looo° c,

A distinction is drawn between rapid combustion, the explosion
proper, and detonation by reference to the velocity of the explosive
transformation characterizing the oualitative aspect of an explosion.

Rapid combustion of an explosive is the process of explosive
transformation taking place at a velocity of up to several meters a
second. In the process gases, as they gradually form, do the work of
scattering or throwing. For example, in the rapid combustion of a pow=
der in a bore the gases do the work of throwing. They eject the shell
from the bore without destroying the shell or the barrel itself.

i
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The explosion proper is a process with a velocity measured in
hundreds of meters a second. In an explosion a sharp pressure jump oc-
curs, there is an impact of gaseous products on the surrounding
environment, and destruction of the latter takes place.

The detonation of an explosive is a special type of explosion
characterized by the maximum possible velocity for the given explosive
-- several thousand meters per second. The detonation rate does not
depend on external conditions. It is 6700 m/sec for TNT, and about
8200 m/sec for nitroglycerin. The deton-tion of the explosive charge
in a shell instantaneously fragmentizes its walls.

According to the character of the action and their practical
application, explosives are subdivided into initiators, high (blasting)
explosives, low (powder) explosives and pyrotechnic ccmpounds,

Initiators (sometimes called primary explosives) are explosives
with high sensitivity to various external forces. They are set off by
a flame, spark, pinpoini, push, impact, friction, and by their explo-
sion can cause the de.onation of other less sensitive explosives.
Therefore initiators are used to load various primers, which are the
causative agents of explosive processes.

Initiators include mercury fulminate, lead azide, lead styph-
nate, tetrazene. Initiating mixtures are used which contain, for
example, mercury fulminate, Berthollet's salt, antimony trisulfide.

High explosives (secondary) are less sensitive to fire, impact
and other external forces. Therefore they are safe in routine handling.
The principal form of explosive transformstion of high explosives is a
detonation, which is set off by the action of initiators. High explo-
sives are designed for the loading of projectiles and mortar shells.
Chemically, high explosives are cyclic nitrc compounds of the aromatic
series (TINT, picric acid or melinite, tetryl), heterocyclic compounds
(nitramine group -- hexogen, octogen), acyclic nitro compounds of the
aliphatic series (nitroglycerin, pentaerythritol tetranitrate or PETN,
tetranitromethane, ethylenedinitramine). The most popular high explo-
sive is trotyl (full name -- trinitrotoluene, abbreviated -- TNT).

Trotyl is a solid crystalline substance, yellow in color. Spe-
cific gravity 1.66, melting point 81.6° C, The starting material for
its production is toluene, a colorless liquid extracted from the
distillation products of coal or petroleum. Trotyl forms as a result
of threefold nitration of toluene with a mixture of nitric and sulfuric
acids., It is insensitive to shocks, even if bullets are shot through
it, and to heating. Trotyl can be cut, sawed, drilled, burned. When
ignited in open air, it burns quietly with a strongly smoking flame.
Trotyl does not dissolve in water, does not interact witnu metals under
ordinary atmospheric ccnditions, is very stable in storage (projectiles
and mortar shells filled with it can be stored for many years).

Trotyl is not only widely used in artillery; it is used to load
hand grenades, blasting charges, aerial bombs, warheads of missiles of
various classes.

Trotyl is the measure of the power of nuclear weapons. The gen-
erally accepted TNT equivalent characterizes the effect cf a nuclear ex-
plosion in terms of the waight of a TNT charge with explosive energy
equaling the explosive energy of the particular nuclear ammunition.
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For example, the TNT equivalent of the nmuclear charge in 1 kg of ura-
nium-235 (with complete fission of all its nuclei) amounts to the
explosive energy of 20,30 tons of trotyl.

Besides trotyl, hexogen and PETN are also widely used for the
active components of ammunition, and tetryl for making detonators.
Since hexogen in pure form is sensitive to mechanical forces, it is
pblegmatized with paraffin or other substances when projectiles and
mortar shells are loaded.

Abroad work is continuing on the synthesis and study of new ex-
plosives and compositions possessing higher energy or operating
characteristics than explosives already known.

Tor example, in the United States a series of new high explosives
was recently developed under the general designation of "Astrolite”
with a detonation rate of 8200 m/sec. "Astrolite-R," for example, is a
high-energy plastic explosive. Its structure can vary from gluey pasty
to hard rubbery. "Astrolite-R" is most frequently used in the form of
a soft mastic, since it is easlily molded, retaining the shape impurted
to it, as well as readily sticking to a dry surface,

Low explosives (powders) are subdivided into nitrocellulose and
mectanical mixtures. Their distinguishing feature is the capacity for
explosive transformation in the form of rapid combustion, but without
detonation. They are intended for the produstion of propelling charges
or ammunition elements (igniters, retarders, expelling charges etc.).

Powders are smokeless (nitrocotton, ni:roglycerin, nitroguani-
dine, diglycol etc.) or black,

Smokeless powders are made in the form of ribbons, plates,
disks, tubes, cylindrically shaped grains with one or seven channels
etc. Specific gravity of the powder 1.55-1.63; flash point 180-200° C.

Smokeless powders are subdivided into single-, double- and
triple-base. The single-base powders include nitrocotton, the double-
base nitroglycerin, the triple-base nitroguaridine powders (nitrocotton
4+ nitroglycerin + nitroguanidine).

The basic ingredient of all smokeless powders is nritrocotton,
1. e. a high explosive. Nitrocotton is obtained as a result of treat-
ing cotton with nitric acid in the nresence of sulfuric acid. This
process is called nitration., In order to obtzin powder, the nitrocot-
ton is treated with a solvent consisting of an alcohol-ether mixture.
As it dissolves, the nitrocotton turns into a homogeneous gelatincus
mass, frcm which powder of the reauisite shape is prepared. This is
the essence of the production of nitrocotton powder.

In 1890 our great compatriot D. I. Mendeieyev was the first to
suggest the diffusion method of dehydrating nitroscotton with ethyl al-
cohol. This method is now used in all countries of the world.

Nitroglycerin powder is made trom nitrocotton and nitroglycerin.
A distinction is drawn between powders with a high nitroglycerin con-
tent (40-60 percent) »nd those with a moderate content (20-20 percent).
It should be recalled that nitroglycerin is an exceedingly strong blast-
ing explosive, obtained by nitration of glycerol. It possesses the
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proverty of dissolving nitrocotten and forming a gelatinous mass, from
vhich powder of the same shapes can be obtained as from nitrocotten,

Depending on the properties of the solvent, nitrocotton powders
are also known as vol-tile-solvent powders, and nitroglycerin powders
as nonvolztile-solvent powders.

An advantage of nitroglycerin powders over nitrocotton powders
is that they are considerably more powerful, and cheaper to make be-
sides. However, they have 2 high combustion temperature, which leads
to rapid barrel wear. "Cold" nitroglycerin powders are also employad.
The accuracy life of barrels in this case is even higher than with the
use of nitrocotton powders.

Smokeless powders can be flashless, i.e. give no more than 5
percent flame as compared with a conventional (flash-type) round under
average firing conditions., Little or no back blast is observed when
the breechblock of tank guns is opened after a round with a propelling
charge of flashless powder has been fired.

Black powder, with which everyone is familiar, is a mechanical
mixture of potassium nitrate (75 percent), charcoal (15 percent) and
sulfur (10 percent).

Black powder is nct directly used for firing in modern times.
It is three times as weak as smokeless powder, markedly fouls the bore
vith solid residues, and forms a smoke cloud during combustion, which
discloses the fire position and prevents observ-tion of target or aim-
ing point.

But black powder does have scme good gualities: it readily ig-
nites, even frcm a small spark, and burns much faster than smokeless
powder. Therefore, black powder is now used as igniter for smokeless
powder, in primer cups and impact primers, for powder safety locks,
boosters and delay elements, in time fuzes and firing devices, in Bick-
ford fuzes etc. The expelling charges of incendiary, illuminating end
leaflet shells are made of black powder.

Pyrotechnic compounds are hot mixtures with weakly manifested
explosive properties. The principsl type of transformation here is
combustion.

Pyrotechnic compounds are used to load incendiary, smoke and il-
luminating projectiles (mcrtar shells) and all kinds of tracers and
signals. The combustion rate of pyrctechnic ccmpounds is very low be-
cause they are intended tc produce a flame, light or smoke of varying
color rather than for destruction or throwing.

3. Pronelling Charges, Metal and Combustible Cases, Primers

In order to fire a piece, it must first be loaded, i.e. a pro-
jectile and propelling charge musc¢ be inserted in the barrel. For each
round a strictly defined quantity by weight of smokeless powder is
used, and this quantity of powder is called the propelling charge.

Propelling charges are fired or multisection. Fixed charges
are used in guns loaded with fixed ammuniticn. In this ammunition the
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case is closed by the pro’ectile itself, which is connected tc the
case by erirping or rolling the case neck. Troops are nct allowed to
make any chen-es in these charges.

FPultisection charjes 2re used for separate loading. They con-
sist of the base package and increments. When firing at less than:
maxiwwe range, the veight of the propelling charye can ‘e rmodified ty
reroving the necessary nwiber ¢’ powder sections. In this way trajec-
tory curvature is varied when firing st the same range, the gun stands
up better with a reduction in charge, and powder consumption is cut.

A propelling charge includes, in addition to smokeless powder,
som auxiliary elements: an igniter (made of black powder), a stand-
ard cover (obturator), a reinforced closing plug (for hermetic sealing
of charge), a flash hider (to reduce muzzle flash), a decopperer (to
remove copper particles from the rotating band), and a phlegmatizer
(to reduce barrel erosion).

Mortar propelling charges are subdivided into base and incre-
ment charges. The base charpe is placed in the stabilizer tube and in
appearance resembles a shotoun shell: a parer case, a brass base with
a caps The base charge is the minimal charge and it is constant. Fir-
ing is impossible without it.

To increase the range of fire, increment charges, which are fit-
ted on the mortar shell st-bilizer tube, are used. They are small bags
of powder in the form cf a ring. The charges are custrmarily designated
by numbers. The number of a charge corresponds to the number of rings
added to the base charge: charge No. 1 is the base charge plus one in-
crement ring cherge; charge No. 2 is the ocase charge plus two ring
charges etc.

when 2 round is fired, the powder gases of the base charge, es-
caping through the fire-transmitting openings of the stabilizer tube,
ignite the increment charres. As a result of the combustion of the
increment charges the pressure in the bore increases and the mortar
shell is ejected frem the barrel at a greater speed and, hence, for a
grester distance.

The shell case is an element of a fixed or separate round. Its
shave conforms te th~t ¢ the powder chamber of the piaece for +hich it
is designed,

The shell case ccnsists of a bedy, neck, shoulder connecting the
neck to the hody, base, head and a screw-on eye (ngvintnoxe ochko) for
the primer cup. Cases for separate rounds have no shoulder. To facil-
itote extraction of the case after firing, its body is mrde slightly
conical. In the losded state the case rests its base against the breech
face of the barrel tube. After firing, the ejector of the breechblock
catches the case by the base and extr-cts it from the barrel. Cases
for automatic pieces have a circular groove instead of a base cr rim
to engage the ejector,

In some recoilless guns the case ras perforated openings,
through which the powder pases enter the chamber of the piece and then
pass into the atmosvhere through the breechblock. A covering closing
the perforated openings in the case and a bursting diaphragm pre-
vent the propelling charre from running out and moisture from entering.

Cartriige cases are usually made of brass or low-carben steel.

e it
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In recent years, as a result of the development of automatic can-
nons with a high rate of fire, increased racuirements have begun to be
set for cartridge cases: the necessary strength; guarantee of ejection
under high barrel-chamber temperature conditions; elimination of the
vhenorenon of cartridge disintegration in seating a fixed round in the
barrel at high speed. Underestimating the great importance of the car-
tridge case in automatic guns may lead to such undesirable conseguences
acs failure of the breechblock to open, breakage of the ejector mecha-
nism, flange breakdowns, case cracking, nonextraction of cases from
the chamber etc.

The experience of artillery combat operation in modern warfare
has revealed the deficiencies of metal cases, these deficiencies being
especially acute in tanks and self-propelled guns. In the closed tur-
rets of these vehicles spent cases clog the fighting compartments,
already crowded to the limit. In addition, the spent cases extracted
from the barrel are filled with powder gases. This sharply increases
the rate of exposure to gas in the firhting compartments and lowers
the working capacity cf the crew despite the ventilating system. For
tank guns with high powder-gas pressure metal cases have to be made
massive so as to facilitate their ejection after firing, and this leads
to additional cperational inconveniences.

Metal cases are also inefficient from on ec~ncmic point of view.
Many costly and scarce brass alloys and special steels are used for
their mass manufacture. The production technology of seamless cases
is complicated and renuires heavy press equipment. '

The salvaging of spent cases for reuse, necessitated by the
shcrt supply of brass and special steel, imposes on troops in the com-
bat zone the onerous duty of collecting and transporting used cases to
the rear, and at the same time plades a burden on communication lines ’
near the front. ,

These are the principal reasons which have led to the development
of a lir"t nonmetal case made of & cheap material which burns on firing.

Despite the clarity, simplicity and attractiveness of the idea
itself, the problem of developing combustible cases has proved very
difficult. In the United States work on combustible cases began early
in the 1950's and it was not until ten years later that the first ex-
perimental models of ammunition with combustible cases were developed.
Tests showed that combustible cases can perform some of the functions
of metal cases, namely be a container :or the propelling charge, and
be an obturator. However, the latter function was achieved only in
fire from guns with a new breech ring design. Therefore, it was de-
cided to develop new artillery pieces which would permit full use of
all the advantages of combustible ammunition and at the same time to
create breech-ring redesign projects for those pieces already in serv-
ice in the American army.

The result of this decicion wac the develcpment cf a 152-mm gun

-- the launcher for the Sheridan light tank, which fires Shillelagh
antitank missiles and conventioral ammunitior. By the end of 1965 a
consums.le-case jet engine for the launching stage of the Shillelagh
antitank missile was created, as ~ell as ccmbustible armer-piercing
rounds. The combustible cases are produced by the "felting®™ method.
Nitrocellulose-imoregnated cardboard ic the case material, and saw-
dust, kraft paper and magnesium are also used.
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A serious difficulty in the search for a combustible case mate-
rial has been the problem of the porosity of the material. It is be-
lieved th-t high porosity is an important condition for the production
of a fully combustible meterial, while high porosity is a negative fac-
tor for assuring the necessary overall strength of a round.

The American press recently has pointed out the following prob-
lems facing developers of combustible artillery cases: operational
strength of the case; long storageability under adverse conditions
(high and low surrounding temperature, rain, moisture etc.); and, final-
ly, total combustion of the case on firing. It is noted that it is a
hardly feasible task to combine the optimal parameters for all three
problems., Therefore, the efforts of researchers and designers are now
directed towards achieving the proper combination of strength, moisture
resistance, and fast and clean combustion. In the view of foreign mil-
itary specialists, success in choosing the proper combination of paral-

eters will produce great changes in ammunition and artillery as a
whole.

It is also thought that it is economically infeasible complete-
ly to reequip combat vehicles with new pieces and pieces with redesigned
breech rings. Besides, this would make large stocks of ammunition with
metal cases unsuitable for use. Therefore, the American army was con-
fronted with yet another problem -- the development of ammunition with
a partially combustible case, which can be used without any changes in
existing pleces.

The partially combustible case, made mainly of a combustible
material, has a shortened metal base 50-60 mm high, which provides ob-
turation of the barrel. Partially combustible cases are light in
weight, cut down the penetration of harmful fumes into the fighting
comrartment of vehicles, and are less bulky than ordinary metal cases.

Combustible and partially combustible ammunition has also been
developed for the American 105-mm howlitzer and 105-mm and 120-mm guns
(Figure 32).

Figure 32. Combustible cases:

1), 2) partially combustible cases for American
105-mn gun; 3), 4) fully combustible cases for
120-mm gun and 152-mm gun of the Sheridan tank.
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Primers serve to impart a flame to the propelling charge. They
cre of the percussior or electric type.

Percussion primers -- percussior caps, primer cups and imp:ct
fuzes -- are actuated by the irpact of a striker pin.

Percussion caps are used :n the basic rounds of mortars, primer
cups for case-loading rounds, impact fuzes for bag-loading rounds.
There is little difference between a primer cup and impact fuze in in-
terior design (percussion powder, black smoke charge, powder pellet).
The primer cup is screwed intc the cartridge base; the impact furze is
inserted in a special breech recess.

Electric primers are used in antiaircraft, tank, coast, ship-
board and field rocket artillery. The powder is ignited here by means
of an electric squib with a “bridge" in the primer composition. The
electric primer for co-bustible cases is made of completely combustible
materials. As it is assembled, its parts are glued to the cartridge
bacse.

L, Firing Devicas and Fuzes

Fuzes are used for all shells which have a high explosive
charge. A fuze is not needed if the shell has no explosive charge
(for example, in an armor-piercing shot or hard-core chell).

Fuze designs are quite diverse, but . '‘ch of them has three es-
sential elements which constitute the igniter ‘*rain (Figure 33): a
primer, upper detonator, and lower detonator. The primer transmits a
flame; it is ignited by the impact of the striker or the prick of the
firing pin. The upper deton-tor serves to initiate the explosion
(detonation); it is actuated only by the flame of the primer. The low-
er detonator is a small explosive charge (10-30 g), sensitive to the
initial impulse of the detonating czp. It intensifies the detonating
action of the upper detcnztor, since the latter canrot by its own ex-
plosion cause the complete explosion of the explosive charge of a pro-
jectile (mortar shell?.

Sometimes the igniter trzin also includes a delay elemen: of
black powder. It is placed between the primer and upper deton-tor.
In the event of firing without fuze delay the flame goes to the upper
detonator past the delay element along zn open channel, If the setting
sleeve shuts the channel, the flame of the upper detonator goes cnly
through the delay element, whose burning time also determines the delay
time,

Fuzes are absolutely safe in routine handling, transport and
storage, during firing and in trajectory. This is achieved by locking
the moving parts of the fure by means of mechanical or black powder
safety locks. Mechanical safety elements are rigid safety devices, re-
straining springs, inertia and centrifugal safety devices. The resist-
ance ci the safety elerients is calculated so as simultanecusly to
provide good armability of the fuze on firing and to eliminate the pos-
sibility of its being armed as a result of shaking and accidantal
shocks in handling. The safety elements are released when acte¢ uren
by inertia or centrifugal force at the time of firing, as well as vn-
der the influence of creep force in the initial phase of the trajectory.
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Figure 33, Igniter train cf fuze.

Keys:

1) Firing pin

2) Prick

3) Primer

4) Flame

5) Upper detonator
6) Detonation

?7) Lower detonator

Fuzes are of the boresafe, semi-boresafe and nonboresafe type,
depending on the degree of protection against the premature action of
primers and, consecuently, against premature projectile (mortar shell)
explosions during routine handling or during firing. In the first case
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the primer and upper detonator are completely insulated from the lower
detonator; in the second case the primer is insulated from the upper
detonatcr. In nonboresafe fuzes there is no insulation of the primer
or upper detonztor.

In the development of fuzes the mosi difficult thing is to solve
the preblem of reliably calculating the resistance of the safety devices
s0 as simultaneously to meet two cor..radictory requirements, viz. assure
safety of the fuze in handling and reliable arming of its machinery on
firing. This problem was first solved by the well-known Soviet artil-
lery engineer, Honored Scientist and Technician of the RSFSR V. I,
Rdultovskiy, who determined the conditions for safety and reliable arm-
ing of fuves and developed engineering methods for calculating the
resistance of rigid safety devices and restraining springs. Many fuzes
created by V., I, Rdultovsidy, especially the R@M and RGM-2, showed
their suverior qualities during the Great Patriotic War. They have
long remained unsurpassed in safety, reliability of target effect.

Fuzes are classified according to the character of their opera-
tion as percussion, time and combinatio- fuzes, and according to their
location in the projectile as nose (Figure 34) and base (Figure 35)
fuzes. Base fuzes are used in large-caliber armor-piercirg, concrete-
plercing and high-explosive projectiles. Mortar shells have only nose
fuzes,

Fe-gmentatio-, high-explosive fragmentation, high-explosive and
smoke shells have peicussion fuzes, which function on contact with an
obstacle. These same shells use time fuzes, which bring about an ex-
plosion in air at a certain altitude -- at a predetermined point of
the trajectory.

Depending on the speed of response percussion fuzes are sub-
divided into superquick, inertia, and delayed-action fuzes.

The superquick action of a fuze brings about an explosion of
the shell at the moment it encounters an obstacls, before the shell be-
gins to penetrate the obstacle, the duration of this action not exceed-
ing 0.001 sec., Supercuick fuzes are used in projectiles and mortar
shells designed for firing at enemy personnel.

Somewhat slower (of the order of 0.005 sec) is the inerti. ac-
tion of a fuze, which causes the shell to burst after it has penetroted
the obstacle (ground) to some extent. Inertia fuzes sre effective for
firing cn targets offering negligible resistance (1ight overhead trench
covers, wooden shelters etc.).

Delay fuzes are used in high-explosive projectiles and mortar
shells in fire for effect on enemy defensive installations. Special
black powder delay elements provide a Jelay time of from 0.0l to 0.2
sec.,

Time fuzes are mechanical, with pyrotechnical compositions (pow-
der) and proximity fuzes.

In mechanical fuzes the time is performed by means of a special
clockwork c=lled the timing device.

In powdar fuzes the tina is reckoned from the moment of firing
to the moment the shell bursts by means of a gowdor time-fuze composi-
tion burning at a constant rate (0.5-1 cm/sec).
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E Figure 34. Nose fuzes:

a) superquick fuze; b) fuze with several settings;
. ¢) time fuge,

Keys:

1) V.229
2) ROM-2
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Figure 35. Base fuze.
Key: 1) MD-7

ihe time powder fuze operates essentially as follows. On firing
a concussion plunger (firing pin), acted upon by inertiz, pricks the
primer. The fire from the primer is transmitted to the time train of
the upper ring, after its combustion is transmitted through a vent to
the analogous train of the central ring, then to the lower ring, and
thence to the powder train. Th~ latter actuates the
upper and lower detonators. The length of the burning part of the time
train is changed by appropriate rotation of the rings before firing.

Oround artillery time fuzes alsc have a setting for percussion
action. If for any reason a shell does not go off at a given point of
the trajectory, it is certain to go off on striking the ground or an
obstacle.,

An air burst increases the fragmentation effect of a shell,
This method of delivering fire with the use of a time fuze is custom-
arily called high-explosive shell fire.

Illuminating, incendiary and leaflet projectiles and mortar
shells use time firing devices rather than fuzes. These resemble time
fuzes in their design. The only difference is that the igniter train
of the firing device coes not have an upper or lower detonator because
there 1s no explosive : harge in these projectiles (mortar shells).

The igniter train of a time firing device terminates in a powder pel-
let, which ignites a bursting charge of black powder; the latter in
turn ejects the contents of the illuminating, incendiary and leaflet
projectiles (mortar shells) into the air.

In the postwar years a new variety -- proximity fuzes -- has
been added to the traditional types of artillery fuzes and has gained
general acceptance. The appearance of proximity fuzes is dramatic
proof of the influence which sclentific and technological achievements
in the field of electronics and physics have had on widening the com-
bat capatilities of modern artillery.
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Proximity electronic fuzes go off automatically at the moment
the shell approachbes the target at a distance at which the target is
sure to be fragmented. They do not need to be rreset for burst range.
This is their fundamental difference from ordinary time fuzes. The
use of proximlity fures significantly increases the effective operation
of artillery projectiles and mortar shells.

In terms of design and operation, proximity fuzes are subdivided
into radar proximity fuzes (radio fuzes), optical, capacitance, induc-
ive, magnetic, infrared fuzes etc., Radio and ootical fuzes have become
the most popular abroad.

A radio fuze generally combines a radioc transmitter and receiver
into a single unit (Figure 36). During the flight of a projectile the
activated fuze emits radio waves. The target-reflected and radiatec
radioc waves interact, resulting in pulsation or a voltage jump. At a
certain voltage jump intensity the electron key flips and the electric
circuit is closed. The projectile bursts at the optimal distance from
the target. If the radio sets of the fuze fail to operate and tke pro-
Jectile meets a solid cbstacle, the percussion mechanism of the fuze
is actuated and the projectile blows uwp. In case of a miss a self-
destruct mechanism is provided in radio fuzes for antiaircraft shells,
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Figure 36. Diagram of artillery radio fuze:

1) antenna; 2) mass of wax; 3) plastic head; 4) radic

equipment parts; 5) body; 6) battery; 7) cyl-

inder with electrolyte; 8) safety device; 9) self-de-
structor; 10) detonator.
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A radio fuze consizts of a radiotransparent, plastic, conically
shaped cap and a metal body. The plastic head houses an electronic
unit with an antenna. In the body of the fuge are the power supply
and a safety-and-detonating mechanism. The latter is mounted in the
lower cylindrical part of the body and is designed to make the fuge
safe to handle. The essence of its operation is that the holding de-
vices are removed only at the moment of firing.

The arming system for the radio fuze consists of mechanical and
electricel arming.

Mechanical arming is provided by a plunger. In the safe posi-
tion a spring-mounted rotating disk with a detonator is so locked that
the detonator is displaced from the axis, and therefore the igniter
train and electric circuit are disconnected. The fuze is safe for
routine handling and storage until the stop releasing the rotating disk
sinks under the influence of axial inertia at the time of firing. When
released, the rotating disk turns and closes the igniter train and elec-
tric circuit. This has already happened by the time the shell leaves
the gun barrel (in 2-4 sec).

Radic fuzes began to be used at the end of World War II, They
vere very complex in design, had a large tail and low operating reli-
ability. There was no interference elimination, Despite a number of
important deficiencies radio fuzes proved exceedingly effective even
then, For example, in the defense of London against raids by the Ger-
man V-1 buzz bombs 90-ma and 94-mm antiaircraft guns partially supplied
with radio fuzes shot down as much as 80 percent of the buzz bombs that
were produced,

An optical fuze is constructed on the principle of using target-
reflected light rays. It consists of a special lens, photocell and
amplifier. The lens, mounted in the fuze head, has a detection cone.
When a target intersects the dstection cone, there is a sudden in-
crease in the output current of the photocell as a result of light ac-
tion, and this is the signal for a burst. A shell burst signal is is-
sued only at the moment the shell is in the target destruction zone.
This is achieved by appropriate regulation of the detection cone.

An optical fuze responds only to a sudden light flux change due
to the passage of a target through the detection cone and does not re-
spond to an absolute light flux value. This permits the use of an
optical fuze under conditions where light characteristics vary in 2
wide range. Important shortcomings of optical fuzes are the impossi-
bility of using them at night, the effect which ciouds and fog have on
their operation etc.

One of the most important problems in the creation of proximity
fuzes is the development of eleciric power supply sources. For the
fuzes of artillery shells use is made of storage batteries with a lig-
uid electrolyte which for safety in handling is put in a special am-
poule. As a result of exposure to the impact load at the time of fir-
ing the ampoule breaks open and the electrolyte is forced out to the
plates of the storage tattery.

Various safety measures are provided in proximity fuzes: me-
chanical separation of the initiating and bursting charges, high charg-
ing resistor in the capacitor circuit, a mercury contact, a shunting
detonator. The mechanical holding device is removed only at the moment
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of firing. The value of the capacitor charging circuit time constant
is chosen 80 as to provide a certain time delay for the capacitor
charge from the moment the battery is activated. Thus, the capacitor
does not possess the requisite electrical energy until the shell is
safely away from the plece, The mercury contact opens after firing.

The development of proximity fuzes involves the overcoming of a
number of technical difficulties caused by the specific character of
fuze operation. It suffices to recall that at the time of firing the
parts of proximity fuzes experience overloads of up to 20,000 units,
rotation at the speed of several hundred revolutions per second etc.
In this connection all parts, including the various electronic instru-
ments, must be durable and provide trouble-free operation.

Foreign specialists note that darkness does not affect the ’
functioning of proximity fuzes. Heavy rain or rain clouds, hail or
snow may significantly increase the relative number of cases of improp-
er fuze action of antiaircraft artillery and some models of ground ar-
tillery, causing premature response on the trajectory. For example,
during firing in heavy rain proximity fuzes either do not respond at
all or respond prematurely. This is cdue to structural damage or micro-
phone effects resulting from rain drops striking the flying projectile.
If clouds have such a high reflectivity that they can be fixed on radar,
the approximate deterioration in the precision operation of a fuze can
be determined. If there are frequent cases of abnormal fuze operation
under the influence of clouds or rain, it is recommended that proximity
fuzes be replaced with time machanical fuzes.

Proximity fuzes may also be actuated by close explosions or
fragments. An increased number of premature bursts in trajectory may
be due to a volley, a salvo or rapid fire from adjacent pieces. This
number is reducsd by increasing the distance betwsen guns or the time
between rounds,

The principal factors influencing the burst height of a projec-
tile with a proximity fuze are the angle of impact with the target and
the reflectivity of the target surface. The height of burst declines
with an increase in the angle of fall of the projectile. The minimum
burst height is afforded by such target surfaces as dry sand and ice.
Damp ground, water, dense foliage and dense vegetation cover increase
the burst height of a p.ojectile. As they approach elevations, large
buildings, towers, trees and other protruding objects, proximity fuzes
are actuated at a greater height than when approaching the flat surface
of the earth.

The further development of proximity fuzes should, in the view
of foreign specialists, take the approach of increasing their noise
imunity, microminiaturization and the creation of general-purpcse
models, with a trend towards standardization applying generally to all
fuges, For example, the United States decided in 1928 to develop
standard fuzes which would reduce to a minimum the wide assortment of
fuzes of varying purpose. The plan is to have two standard fuzes for
ground artillery (for projectiles and mortar shells) and one fuze for
naval ordnance projectiles. Plans also call for the development of
proximity fuzes whose tail diameter will be the same as in percussion
fuzes.

Foreign military specialists believe that proximity fuzes do not
replace time fuzes, but merely complement them, especially in long-range
fire when the spread in projectile time of flight significantly increases.
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. B entation, High osi High-explosive tation
Shells

Fragmentation shells (Figure 37,3) are used by antiaircraft ar-
tillery to fire on air targets and by ground artillery to fire on
personnel and materiel, to destroy light field shelters and to breach
wire entanglements and mine fields.

Figure 37. Shells:

a) fragmentation shell; b) high-explosive shell;

¢) high-explosive fragmentation shell; 1) shell

body; 2) bursting charge; 3) threaded cap; &)
fuze; 5) rotating band

Fragmentation shells destroy a target with the fragments of the
burst body and in part by the force cf the gases of the bursting chargs
and the force of impact against an obstacle.

The fragmentation effect of a projectile is characterized by the
number of effective splinters, by their distribution in the beaten ~one
and by the effective casualty radius of shell splinters. An e{fective
splinter is customarily considered one weighing 4-5 g, baving a mini-
sum speed of around 200 m/sec and possessing a lethal energy of 8-10
kgm. The number of splinters depends on the wall thickness of the pro-
Jectile body, the mechanical properties of the body metal, the weight
and properties of the explosive, and the character of the detonation
of the bursting charge.

Serious difficulties arise in the development of fragmentation
shells due to the necessity of implementing contradictory requirements.
For example, the main requirement of a fragmentation shell, viz. that
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it glve the maxismum number of effective splinters with the maximum ef-
fective casualty radius and an adequate damage density, forces an
increase in the wall thickness of the shell. But since the deadliness
of a splinter also depends on its velocity at the moment of impact,

the weight of the bursting charge has to be increased, i.e. the wall
thickness of the shell must be reduced, which inevitably involves frag-
mentation of the body into fine splinters. In the Soviet fragmentation
ammunition used in the Great Patriotic War the optimum ratio was found
between bursting charge weight and body wall thickness, and therefore

our fragmentation shells were distinguished by high target effective-
ness.

' Fragmentation shells are made of stecl or semisteel and loaded
witn a high explosive. The weight of the bursting charge relative to
the overall welght of the shell is 5-14 percent,

These shells use instantaneous nose percussion fuzes or time
fuzes. In American fragmentation shells a deep recess with an aluminum
cup in 1t 1s made 1n the head of the bursting charge for placement of
proximity fuzes. There is an increment explosive charge in this recess
for firing with percussion or ordinary time fuzes (mechanical, powder).

Varying splinter densities are created at varying distances from
the site of a shell burst. For example, in the viecinity of a burst a
target is damaged at any point since it is in the saturation damage
range. The number of deadly splinters declines with increased distance
from the site of the burst, and they are distributed over a greater
area. In this case one no longer speaks of saturation -- but of
effective -~ splinter damage.

Bffective areas for fragmentation shells are: 15 x 30 m for 75-
to 76-mm calibers; 20 x 60 m for 120~ to 125-mm calibers; 25 x 70 m
for 150- to 155-mm calibers.

When a shell with a percussion fuze bursts, some of the splin-
ters fly along the surface of the earth, i.e, they fly flat, and a
small number rise upwards or crash into the ground in the vicinity of
the burst site. Target damoge depends on the magnitude of the angle
of fall of the shell: with increased angle the splinters scatter more
uniformly in all directions. At angles of fall in excess of 75° almost un-
Herm ali-rocad damage 1s obtained.

Splinter effect is better, the more rapid the fuze actuation
and the harder the ground, i.e. the smaller the shell crater, since in
a large crater many splinters are left that turned out to be useless.

To increass the effectiveness of splinter action on ground tar-
gets given angles of fall up to 18-22° and sufficiently hard ground,
use is made of shell ricochet so as to obtain an air burst at a height
of 3-4 m after impact with the ground. In this technique of firing
the fuze is set for delayed action. An air burst can also be obtained
by firing on underbrush, tree branches and other objects in the vicin-
1ty of the target with the fuze set for splinter action.

Fragmentation shells with time fuzes are especlally effective.
Such means of personnel protection as open trenches, ditches, accidents
of the terrain and reverse slopes are no safeguard against casualties
from air bursts of shells.
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High-explosive shells (Figure 37,b) are used to destroy defen-
sive installations which are not reinforced with concrete, wire, mine
and other entanglements. They are used in combined fire with concrete-
plercing shells to remove the earth cover from permanent fortifications.
In isolated cases high-explosive shells are used to fire on enemy tanks
and exposed personnel.

The destructive effect of a high-explosive shell consists of
the action of the explosive charge gases which are generated on detona-
tion (high-explosive effect), and in part of the impact and splinter
effect of the shell.

The high-explosive effect depends on the weight of the bursting
charge and the power of the explosive, as well as cn the penetration of
the shell into the obstacle before the moment of the burst and the
properties of the environment. The volume of the crater is a measure
of the high-explosive effect.

High-explosive shells ccnsist of a thin-walled steel body,
bursting charge and fuze. The power of a shell is increased either by
increasing the weight of the explosive or by using a stronger explosive.
Shell capacity can be increased by decreasing the wall thickness of
the shell to a limit such as to assure body strength as the shell
moves along the bore during firing, as well as by increasing the length
of the cylindrical part of the shell. Howitzer high-explosive shells
have the thinnest walls since they undergo much less pressure in the
bore during firing than do cannon shells, Therefore, the volumetric
3 efficiency of the explosive is 10-15 percent in cannon high-explosive

shells, and up to 20-25 percent in howitzer high-explosive shells.,

In modern artillery the use of high-explosive shells is consid-
ered advisable only in large-caliber pieces (over 152-155 mm) since
there is clearly not encugh explosive in smaller-caliber shells to
destroy field shelters.

To agsure the proper high-explosive effect it is necessary that
the shall penetrate the obstacle before the mcoment of its explosion.
Therefore, high-explosive shells are provided with nose and base iner-
tia and delay fuzes.

The essence of the high-explosive effect on earth obstacles 1s
th=t a shell after penetrating the ground to a certain dopth bursts
there, and a crater is formed at the axplosion site. It takes place
as follows. The gases of the bursting charge, occupying an initially
small volume, press with great force on the surrounding environment,
break up the particles directly adjacent to the bursting charge and,
squeezing them against the neighboring layers, form a cavity at the
site of the shell burst. Then the pressure of the gases is transmit-
ted successively to adjacent layers of the ground, which results in
disturbance of the bonds between the ground particles and in their
ejection, This space is called the area of destruction. The pressure
of the gases gradually decreases. It no longer has enough force to
destroy the bonds between the ground particles and they merely receive
a vibratory motion., This i< the vibration area.

After the explosion some of the ejected earth falls back into
the crater, and some of it falls around it to form a bank. The diam-
eter of the crater in the ground averages three times as great as its
depth. In stone installations the crater is flat, its diameter aver-

aging six times as great as its depth.
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With most advantageous penetration, the explosion of 1 kg of
INT can ejest 2,2 to 2.5 cu m of medium-hard ground. In practice,
under actual firing conditions each kilogram of explosive accounts for
about 1.2 to 1.5 cu m of grovnd, In excessively porous or marshy
varth camouflcts sometimes nccur, i.e. underground explosions of
shells without the formation of an open crater. The shells penstrate
the ground =o deeply that the bursting charges in exploding do not
have force enough to eject the earth above them.

The high-explosive effect is not limited solely to the formation
of a crater. The explosion of a shell causes destruction and vibrations
in the solid mass of the obatacle, and therefore communication trenches,
shelters and installations within the effective zone of the explosion
may be demclished and filled in,
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Figure 38, General appearance of shell bursts:

a) splinter effect; b) high-explosive effect;
c¢) delayed high-explosive effect; d) air burst.
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Bigh-explosive action against armored targets leads to the jam-
ming, breakdowns and overturning of turrets, the failure of welds as a
result of the dishing of armor plate, breaks in bolts and rivets, the
wrecking of machinery behind the armor protection and tc the explosion
of the unit of fire of the tank or self-propelled gun.

High-explosive fragmentation shells (Figure 37,c) are designed
for striking at enesmy personnel and materiel, as well as for destroying
his defensive installations, These shells function as fragmentation
shells in the former event, and as high-explosive shells in the latter.
It is known that the fragmentation effect predominates in shells up to
105- to 122-mn caliber, and the high-explosive effect in larger-caliber
shells. It has also been established that the fragmentation effect is
more pronouncsd in gun high-explosive fragmentation shells, the high-
explosive affsct in howitzer shells., The character of a shell's action
is determined by setting a percussion fuze for instantanecus or inertia
(delayed) action or by using a proximity or time fuze.

High-explosive fragmentation shells are the most successful
example of the standardization of varied-purpose shells. Therefore,
they have become widespread in field and tank artillery.

High-explosive fragmentation shells are somewhat inferior to
fragmentation shells in their splinter effect and to high-explosive
shells of the corresponding caliber in their high-explosive effect.

The weight of the bursting charge is somewhat greater in high-explosive
fragmentation shells than in fragmentation shells, but somewhat less
than in high-explozive shelle, However, high-explosive fragmentation
shells are cheaper to produce in mass manufacture and make ammunition
supply to troops simpler,

Figure 38,2,b,¢ shows the general appearance of a shell bturst
on impact with the ground when the fuge is set for splinter, high-ex-
plosive and deiayed action, and Figure 38,4 shows an air burst.

6, Shells with Ready-made Damage Agents

Shells with ready-made damage agents are designed for both
close- and long-range annihilation of exposed enemy personnel. They
include shrapnel, shells with arrow-shaped damage agents, and canister.

There is shot shrapnel, rod shrapnel, stick shrapnsl, and shrap-
nel with covers.

Shrapnel conslists of a steel cup with ascrew-on head, inside
which 1s placed a bursting charge of black powder separated by a dia-
phragm from the lead balls which fill the cup. The interstices between
the balls are filled below with a smoke-producing composition, and
above with rosin or sulfur, which readily dissipate and do not inter-
fere with the spray of shrapnel balls., The smoke-producing composition
facilitates observation of the shrapnel burst by creating a cloud of
smoke. The filler between the balls prevents their moving about.

A central tube filled with powder runs through the entire cup
up to the bursting charge. Screwed into the shrapnel head is a time
fuze, which assures a shrapnel burst in the air at a certain distance
from the gun.
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Despite its high effectiveness of action against sed person-
nel targets and its great effective depth shrapnzg has 1::f°1ta g:rnor
significance in modern times. It has been replaced by fragmentation
and high-explosive fragmentation shells. Shrapnel is not effective
enough against personnel behind even weak cover, and the effect on
morale of a shrapnel burst is much less than that of a high-explosive
fragmentation shell. However, the expsrience gained from the combat
use of shrapnel has not been forgotter.

In 1667 the American forces in Sor*.u Vietnam for the first time
used shells with arrow-shaped damage azunts (Figure 39) for fire from
105-mm howitzers. In the estimation of the Western press, this so-
called “honeycomb” or "dispersing®” ammmnition is effective for anti-
personnel warfare in open country, as well as in jungles, especially
in close defense and in direct fire,

The shell is made of steel and aluminum alloys and consists of
a body, an adapter with an explosive charge, a mechanical time fuze,
an expelling and a spotting charge. There are about 8000 fin-stabilized
arrow-shaped sceel rods (needles) in the body of the shell. Each arrow
is about 25 mm long and weighs 0.5 g.
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Figure 39. Shell with arrow-shaped damage agents.
Below -~ arrows.

Tne “uze is armed as soon as the shell leaves the barrel. To
actuate the fuze, the explosive charge in the adapter splits the head
of the shell body and ignites the expelling charge. As a result of
centrifugal forees and the pressure of the powder gases of the expell-
ing charge the arrow-shaped damage agents are ejected from the shell
and disperse in the form of a cone, The aerodynamic shape of the ar-
rows and the fact that they have fins assure that they fly with the
point forward. Expelled at the same time is the spotting charge,
which indicates the site where the damage agents scatter.

Canister is designed for firing on enemy personnel alongside
4+he weapon and up to 400-500 m from it. The shell consists of a heavy
steel base, a thin eyiindrieal body of steel or sheet iron and a front
cover. The body is filled with damage agents - spherical or cylindri-
cal balls, fin-stabilized steel arrows. Longitudinal notches or
grooves are made on the shell body.
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Immediately after the emergence of the shell frcm ths bore the
pressure of the airstream on the cover and centrifugal forces acting
on the body and damage agents split the body along the longitudinal
notches. This results in dispersion of the darage agents, the shape of
tbe spray being conical.

If the canister body is made of sheet iron or plastic rather
than steel, it opens while still in the bore. This type of canister
design cannot be used for firing from pleces with muzzle brakes.

Armor-pi Shell

Armor-piercing shells are designed to hit moving armored %targets:
tanks, self-propelled guns, armored carriers, ships. They are also
used to fire on the embrasures of permanent defensive installations.

Armor-piercing shells are part of the unit of fire of small-
and medium-caliber wezpons. They are the principal type of ammunition
for tank and antitank artillery.

These shells first appeared in shipboard and coast artillery
when ships began to have armor protection and armored artillery turrets
began to be installed at coastal forts.

The tanks used in World War I in land theaters of operations
gave rise to armor-piercing shells in field artillery. The mass-scale
use of tanks in World War II led to a sharp increase in the effective-
ness of action of armor-piercing shells of all types and designatio-s.
The significantly enlarged role of tanks and other armored machines in
modern combat led to further improvements in armor-plercing shells.

For more than 50 years now the development of tanks and armor-
piercing shells has been marked by a constant effort to raise the anti-
projectile resistance of tanks, on the one hend, and to increase the
power of the action of shells against armor, on the other.

The main way to increase the resistance of tanks to the damaging
effect of armor-plercing shells is to increase armor thickness and the
angle of tilt of armor plating and to reduce tank height. For example,
by the end of World War II the thickness of tank armor had reached 200
m'

The power of an ammor-plercing shell is characterized by the
impact action on armor and is determined by the thickness of the arwor
to be plerced. The impact action of a shell depends on many causes,
but the main ones are: the kinetic energy of the shell at the moment
of impact with the obstacle; the shape of the head and the strength of
the shell body; the angle of shell-armor impact; the strength and de-
sign of the armor, The greater the velocitg and welght of the shell
and the closer the angle of impact is to 90", the thicker is the armor
that the shell can plerce.

The effectiveness of an armor-plercing shell is evaluated, in
addition to its power, by two more characteristics: heavy damage ef-
fect behind armor, and high accuracy of fire. Damage behind armor
manifests itself as :‘he percussion, demolition, fragmentation and in-
cendiary effect of the shell. High accuracy of fire is necessary be-
cause armored targets are small in size (tank length 6-7 m, width 3-3.5
m, height 2.2,5 nS ard they can be damaged only with a direct hit.
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To facilitate adjustment of fire, armor-plercing shells as a
rule are supplied with tracer devices. Therefore, they are sometimes
known as armor-plercing tracer shells.

Armor-piercing shells are subdivided into two large groups --
caliber and subcaliber shells.

Figure 40. Caliber armor-plercing shells:

a) chambered sharp-nosel shell; b) chambered blunt-
nosed shell with windshield; c¢) solid shell with
notches on body and with windshield; d) shell with
armor-piercing cap; 1) windshield; 2) body of shell;
3) bursting charge; 4) rotating band; 5) fuze; 6)
tracer; 7) notches; 8) armor-piercing cap.

In construction, caliber armor-piercing shells (Figure 40) may
be chambered (with a bursting charge) and solid (without an explosive);
and, in head design, sharp-nosed, blunt-nosed or have an armor-piercing
cap. To give these shells an aerodynamic shape a sharp-pointed wind-
shield is attached to the head.

A chambered armor-piercing shell consists of the body, a
screwed-in base, a small bursting charge, a base charge and tracer.
Small-caliber shells do not have a screwed-in base.

To prevent the shell from breaking up on impact with armor, its
body is made of high-alloy, heatsreated steels. The armor-piercing
shell has a massive head and a base charge with a tracer to permit ob-
servation of the shell trajectory.




To yrevent the shell fror sliding off the surface of armor in
the event of a small-angle hit, its head is made blunt. To reduce air
resistance, the blunt nose is covered with a thin steel or aluminum
cap. The windshield is broken up on impact with an obstacle and does
not take part in the armor-piercing. Making the shell head blunt as-
sures pressure distribution on impact with armor over a relatively
larger sectional area of the shell and armor., With sufficient impact
force and shell strength, a ®cork®” with a diameter close to shell caliter
1S ejected from the armor, and metal spalling is cbserved on the outer
and inner surfaces of the armor plating.

Shells with armor-piercing caps were first suggested in 1893 by
Admiral of the Russian Fleet S. O, Makarov for combating enemy ships
protected by face-hardened armor. The armor-piercing cap reduces
ricochet, prevents the shell head from breaking up and partially de-
stroys the upper layer of armor. The cap itself breaks up and remains
in front of the armor.

On impact with armor very great inertial forces capable of caus-
ing premature explosion arise in the bursting charge. To prevent this
undesirable phenomenon, chambered armor-piercing shells are supplied
with phlegmatized explosives -- TNT, PETN or hexogen, To give a shell
incendiary capability too, thermite or aluminum powder is sometimes
inserted in the shell chamber hcusing the explosive,

Sharp grooves -- notches -- are made on the cuter surface of
some armor-piercing shells. When thick armor is pierced, the notches
preserve the shell body as the head of the shell breaks up, and prevent
the explosive chamber from opening at the mcment of impact with the
armor. Stresses are concentrated in sharp notches and therefore, on
impact, shearing of the metal takes place along the notzhes, and cracks
do not spread deep inside the body.

A solid armor-plercing shell consists of a strong steel body,
windshield and tracer. There is no bursting charge or fuze in such a
shell, It penetrates an obstacle only by virtue of its kinetic energy.
The crew and vital points of the tank are hit by the body of the shell
and by splinters from the armor which the shell has pierced.

Solid armor-piercing shells are used for firing from 37- to
120-mn caliber guns.

Subcaliber armor-piercing shells are designed to destroy all
modern tanks.,

It is known that the effectiveness of the action of a caliber
armor-plercing shell is determined mainly by its kinetic energy at the
moment cf impact. It is the higher, the greater the weight ¢f the shell
and its striking velocity. Consequently, the development of a good
tank or antitank gun requires increasing the caliber and bringing muz-
zle velocity up to 1000 m/sec or more. Only the successful combination
of shell weight and muzzle velocity can give the desired results.

The increase in the thickness of tank armor and the need to in-
crease the effectiveness of antitank combat with guns already in service
led to the appearance in ground artillery during World War II of a new
type of shell known as the subcaliber shell., Subcaliber shells were
first developed and adopted for service in the Soviet Union as early as
1938 for a 20-mm aircraft gun.
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The armor-piercing part of the subcaliber shell is a core with
a diameter approximately one-third the caliber of the gun. Therefore
such a shell wascalled a subcaliber shell,
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Figure 41, Subcaliber armor-piercing shells:

a) bobbin-shaped; b) streamlined; 1) windshield;
2) sabot; 3) armor-piercing core; 4) tracer; 5)
plastic cap.

A subcaliber armor-piercing shell (Figure 41) consists of a
body which is coil-chaped or of some other shape. Intc the body is
inserted a heavy core whose top is covered by a windshield. A tracer
is screwed into the bottom of the body. This shell has nc fuze or ex-
plosive.

The body (it is often called the sabot) is made of mild steel,
iren or aluminum alloys; the windshield of plastic or aluminum., On the
outside the sabot has an upper rositioning band and a rotating band.

The armor-piercing core is made of cermet alloys, which are a
mechanical mixture of tungsten, molybdenum, titanium, tantalum, vanadi-
um carbides with the powdered metals cobalt, nickel, clromium, iron.
Cores possess exceptionally high strength and are only slightly less
hard than diamond. Their specific gravity is a little more than twice
that of steel.,

The core is inserted intc the inside cavity of the sabot with a
spuscial putty. This prevents it from spinning at the time of firing or
in flight,

When the shell strikes armor, its carrying element -- the body --
is comrletely destroyed, and the cors, which is very heavy, moves for-
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ward by reason of inertia and, on emerging frcm splinters of the shell
body, pierces a hole of small diameter in the armor. A great amount
of heat is liberated in the process. Inside the tank fragments of the
core and armor, heated to a high temperature, fly in a divergent cone.
They hit the crew, put the tank machinery and equipment out of commis-
sion and set the tank on fire.

At ranges up to 1000 m the armor-plercing capability of subcali-
ber armor-piercing shells is significantly bigher than that of caliber
shells. They penetrate armor with a thiclmess two to three times
greater than the shell caliber, while caliber shells penetrate armor
with a thickness only 1.2 to 1.3 times greater.

Such high armor-piercing a~ility is provided primarily by in-
creasing the mugzzle velocity of the subcaliber shell., The fact is that
a subcaliber shell is lighter than an cidinary shell. And since the
powder charge of the gun remains the same, initial shell velocities of
1100-1500 m/sec can be achieved without exceeding permissible pressure
in the bore.

In addition, the weight of the active part of the shell -~ the
core -~ is appreciably increased by an overall decrease in the weight
of the shell. Since the area of the core is much less than the area of
the shell itself, ths specific impact energy of the core is several
times greater than in ordinary shells of the same caliber, Such a con-
centration of the impact energy in the comparatively small area of the
core, which possesses great hardness besides, assures high armor-
penetrating ability.

Subcaliber shells have some stortcomings as well: a disadvanta-
geous ballistic (difficult to streamline) shape, a small transverse
load. Therefore they quickly lost their speed in trajectory and lost
their advantages in armor-plercing action.

The quest to eliminate the shortcoming due to the bobbin chape
of the shell led to the creation of streamline-shaped subcaliber
shells (Figure 41,b). Such shells externally are no different from
caliber armor-piercing shells; they are merely shorter than the latter.
Streamlined shells do not lose their velocity as rapidly as bobbin-
shaped shells, so they can be fired effectively at increased ranges
(up to 1500-2000 m).

In addition to bobbin- and streamline-shaped shells, there are
also discarding subecaliber shells. In shells of this type the core is
inside a jacket (steel or of light alloys), which enables good uxterior
ballistic characteristics to be obtained. This assembly (it is called
the active part of the shell) is placed in a sabot having the caliber
of the weapon. The sabot is made of steel, aluminum or magnesium-
zirconium alloys, as well as plastics. Having a rotating band, the
sabot guides the shell in the bore.

After the shell leaves the bore, the sabot and active part of
the shell are severed. The sabot, which is light-weight and has a poor
tallistic shape, is separated by reason of centrifugal forces and the
force of air resistance. The active part of the shell, due tc its ex-
cellent ballistic shape, continues to fly at a high velocity (over 1000
m/sec) and destroys targets with heavy armor protection. However, the
presence of the discardable sabot by itself is a disadvantage of the
subcaliber shell.
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All the subcaliber shells considered supra are stabilized in
flight by rapid rotation. Therefore they are known as rotating shells.
This is the predomirant, but not the only method of assuring trajec-
tory stability of the shells.

Foreign subcaliber finned shells are known, which can be used
for fire from both smooth-bore and rifled guns. An indispensable part
of these shells is the stabilizer. It serves to center the shell in
the case and as it moves along the bore, and above all to assure flight
stability of the shell in trajectory.

Obturation of the powder gases during firing is effected by
means of a discardable band fitted to the shell body or by the use of
metal or plastic disks of the appropriate configuration or, finally,
by means of an obturating sabot which separates after the shell leaves
thﬁ bore,

Some subcaliber finned shells have ring slots, cams, thread etc.
to fasten the sabot and supplementary centering ring. This impairs the
aerodynamic characteristics of the shells and increases their production
cost.
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Figure 42. Subcaliber finned shell with sabot:

a) shell in bore; b) sabot; 1) tail cone; 2) cylin-
drical guiding and obturating surface; 3) sabot;
k) shell; 5) axial duct of sabot for shell.

Under study are the possibilities of finned shell designs which
require no fastening elements. One such structural scheme is shown in
Figure 42. Here the sabot has an axial duct for the subcaliber shell
proper, a cylindrical guiding and obturating surface, a tail cone which
elastically encircles the shell body. As the shell moves along the
bore, the pressure of the powder gases presses the tail cone to the
shell body, and the developing force of friction firmly confines the
sabot to the shell, After the shell leaves the barrel, the sabot is
discarded in some manner,
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Shaped-charge shells are designed for direct fire on armored
targets and vertical wails of defensive installations and, in some
cases, to cause casualties among exposed enemy persomnel.

Shaped-ch-rge shells differ fundamentally from ordinary -
piercing or subcaliber shells in their design a:d mode of targeirzgioct.
Armor is not penetrated by a powerful shell impact, but rather as a re-
sult of destruction by a thin cumulative jet, formed at the moment of
the bursting-charge explosion and thickened along the shell axis.

The principle of the accumulation of an explosion, or cumulative
effect, was discovered in 1864 by the Russian army engineer General M.
M, Boreskov and used for practical purposes in combat engineering.

Numerous experiments have established that the character of the
destruction in an obstacle depends not only on the properties of the
explosive and the magnitude of the bursting charge, but also on the
latter's shape,
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Figure 43, Diagram of the action of explosive charges:
a) without recess; b) with recess.
Keys:

1, Blasting cap
2. Explosive
3. Plate

Let us use an example to consider this phenomenon (Figure 43).
It is known that for the demolition of obstacles combat engineers use
bursting charges of a regular geometrical shape in the form of differ-
ent-sized sabers. If a bursting charge is hollowed out on the side
contiguous with the obstacle and the blasting cap is placed on the op-
posite side of the charge so that the detonation wave goes towards the
recess, the hollowed-out charge will produce much greater destruction
in the obstacle despite a somewhat reduced weight. This is due to the
fact that the explosion shock waves which procesd from the surface of
the bursting-charge recess acquire a certain directivity towards the
obstacle as a result of this recess.




The most advantageous shapes for the recesa (depression) of the
bursting charge are considered to be cemispherical and conical depres-
sions., It is on this principle that shaped-charge projectiles and mor-
tar shells have been developed.

Thus, the essence of the cumulative effect is the focused concen-
tration of the energy of ths explosion in a given direction and the
creation of compressed gas flow in the region of the cumulative depres-
sion,

The collision and corpression of the explosion products gives
the cumulative flow an exceptionally high density, velocity, tempera-
ture and pressure. The velocity of the cumulative jet reaches 15,000
m/sec, and the pressure more than 100,000 kg/sq cm.

Modern shaped-charge shells are subdivided into rotating and
finned (ncnrotating) shells. The latter can be fired from both smooth-
bore and rifled guns., Finned shells are stabilized during flight by a
caliber or supercaliber tail unit, which opens after the shell leaves
the bore,

Figure 44, Shaped-charge shells:

a) with nose fuze; b) with base fuze; 1) fuze;

2) head: 3) central duct; 4) charge hollow; 5)

metal liner; 6) shell body; 7) rotating band;

8) blasting cap and detonator; 9) bursting
charge.

A shaped-charge shell (Figure 4%4) consists of a body, shaped-
charge assembly, nose or base fuze and tracer. Inside the body is a
bursting charge, in whose head is made a cone.shaped depression cover-
ed with a metal liner. TNT, hexogen and PETN are used in different
proportions as the bursting charge.
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The metal liner of the depression sharply intensifies the cumu-
lative effect and increases the force of the action of the shell. The
damage prcperties of a metal cumulative jet, above all the kinetic ener-
gy and density, are much higher than in a gas jJet. The liner is usually
made of copper, zinc, iron or sheet steel.

To increase the destructivy effect of the shaped-charge shell
even more, a two-layer liner for the charge hollow has been suggested
abroad. During the explosion of the bursting charge the first layer
acquires great speed and, becoming deformed, is transformed into a
needle. The second layer forms a beater (a short heavy rod with a
round end) which, coming under the influence of the explosive wave
right after the needle, also passes through the hole made by the needle.

If a nose fuze is used, a central duct is made z2long the axis
of the bursting charge, and the blasting cap and detonator are placed
at the bottom of this duct,

The action of a shaped-charge shell boils down to the following,
When the shell strikes armor, the fuze is instantanecusly actuated.
Its impulse is transmitted to the blasting cap located in the lower
part of the shell, and the bursting charge explodes. The front of the
detonation wave heads for the nose of the chell., Under its action the
metal liner of the charge hollow is compressed and deformed. Thus the
cumulative jet comes into being.

The powerful impact of the jet against armor leads to the forma-
tion of a hole., Some of the metal of the liner, compressed into a
beater, digs its way into the hole after the cumulative jet. The action
of the cumulative jet is shown schematically in Figure 45.

Fioure 45. Diagram of action of shaped-charge shell:

1) action of explosion products on liner; 2) liner
compressed into beater; 3) cumulative metal jet
ejected by compressed liner; 4) armor.

The armor-piercing ability of the shell is in many respects de-
termined by the distance between the armcr and the upper section of
the bursting charge. The action of a shaped-charge shell is most ef-
fective when the bursting charge is directly in front of the armor at
the moment of detonation.

4
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The armor-piercing ability of a shaped-charge shell is affected
by the power and quality of the explosive, the shape and geometric di-
mensions of the charge hollow, the angle of impact with armor, the
quality of the metal liner of the hollow. A favorable condition for
the proper action of shaped-charge shells is a relatively low terminal
-- and, therefore, initial -- velocity. This made it possible during
the Great Patriotic War to use in antitank warfars not only guns, but
also howitzers with initial valocities of 300-500 m/sec.

Shaped-charge shells differ advantagecusly from ordinary armor-
plercing shells in that their armor-piercing ability does not depend
on target range, degree of barrel wear and other factors. The effec-
tive range of fire with these shells is limited to the probability of
a direct tmk hito

It is known that centrifugal force adversely affects the cum-
lative jet. The more rapidly a shell rotates during flight, the worse
the cumulative effect: the jet is poorly focused and scatters. Vari-
ous measures have been taken to eliminate this shortcoming. For ex-
ample, there have been attempts to reduce the rotational speed of the
shaped-charge assembly of the shell with resnect to its body by mount-
ing the shaped-charge assembly on ball bearings. Shaped-charge shells
with spinning filler bhave also been developad.

However, the best way found to increase the cumlative effect has
been to use nonrotating finned shells. Such shells are found in the
units of fire of present-dzy American, English, French and West Cerman
tanks. The armor-piercing ability of nonrotating finned shells is con-
siderably higher than that of rotating shaped-charge shells.

Ancther way to increase the cumulative effect is to create a
vacuum in the cavity of the charge hollow. It is known that the veloci-
ty of the jet is significantly lowered becausc of the resistance of the
air under the windshield. If a cap i1s placed betweon the windshield
and the metal liner of the charge, and the air is then sucked out from
underneath the cap and a vacuum created there, when the shell sirikes
the obstacle the cumulative jet will for all practical purposes go
through the vacuum space, i.e. without a decrease in velocity.

Favorable characteristics of shaped-charge shells: high armor-
piercing abllity, especially at large angles of impact; the use for
antitank warfare of artillery pleces with low muzgle velocities, which
ar? not designed to fire ordinary armor-piercing shells. Shaped-charge
shells also have good fragmentation effect.

Shortcomings of shaped-charge shells include comparatively low
muzzle velocites and hence low point-blank ranges; high cost; poor
effect against targets protected by a shield (for example, a thin metal
shield in front of the main s mor of a tank causes the shell to be ac-
tuated at a distance from the r ‘n armor, which may remnin undamaged).

9, Concrete-piercing Shells

Concrete-piercing shells are designed to destroy concrete and
ferroconcrete structures, as well as strong brick and stone bulldings
adaptad lfor defense purposes.

In design features these shells are, so tc speak, an intermedi.
te link between armor-plercing and high-explosive shells. They pos-
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sess strength sufficient to be effective against concrete and at the
same time are, for all practical purposes, the equal of high-explosive
shells in their high-explosive effect.

The body of a concrete-pilercing shell is made of high-strength
steel, its walls are thick, and the head of the shell is solid. The
fuze is located in the base of the shell,

Concrete-piercing shells are used only in large-caliber weapons.
They have both an impact ana a high-explosive effect. Depending on
the strength of the concrete a shell either pierces the obstacle and
breaks up beyond it or it penetrates the concrete to a certain depth
and breaks up inside it. Impact with a concrete structure, augmented
by the high-explosive effect, causes the formation of a crater, cracks,
loosening of the entire structure and internal cave-ins, and makes it
easy to destroy with subseocuent shell hits.

The effectiveness of concrete-piercing shell fire depends on
the angle of impact and velocity of the shell at the moment of impact
with the concrete., At less than allowzble angles of impact the shell
ricochets, and at velocities under 300 m/sec it rebounds from the con-
crete regardless of the angle of impact.

10 ecial-purpose Shells

Special-purpose shells include chemical, incendiary, smoke, il-
luminating and leaflet shells.

In their preparation for new wars the imperialistic aggressors
are devoting a great deal of attention to chemical weapons, particular-
ly projectiles and mortar shells,

Chemical shells loaded with poison gases (PG) are designed to
produce casualties among enemy personnel and lower their combat abile
ity ("pin them down"), as well as contaminate the atmosphere, terrain,
food supplies and water supply sources,

Chemical shells were first used as weapons of mass destruction by
the Germans during World War I on 22 April 1915 in France at the Ypres
River.

A chemical shell consists of the body of an ordinary high-ex-
plosive or high-explosive fragmentation shell, the inner cavity of
vwhich is filled with PG, a booster casing with an explosive bursting
charge, and a fuze. Actuation of the fuze results in detonation of
the burster, opening of the shell body and ejection of its contents,

Chemical fragmentation shells combine the properties of fragmen-
tation and chemical shells. They are loaded with a relatively small
amount of PG so as to assure good fragmentation effect of the shell by
virtue of filling about 30 percent of the volume of the inner cavity
with a burster.

In the view of foreign military specialists guns and mortars
with a high rate of fire or rocket systems of collective fire possess
maximum combat effectiveness in firing chemical shells. Thus, an Amer-
ican 105-mm howitgzer battalion consisting of 18 pieces can fire more
than 1)0 chemical shells in 30 sec and about 1070 shells in a 10- or 15-
minute fire assault., American 155-, 175- and 203-mm pieces are also con-
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sidered effective enough for firing chemical shells, since at a low
rate of fire they can hurl large quantities of PG into enemy lines

(;:Ile;nmple. 8 203-tm chemical shell contains as much PG as ten 105-zm
s s).

Incendiary shells serve to produce casualties and destroy mzte-
riel, military property, transport, fortifications. They are used to
burn out the enemy in concealed firing points and control points, clear
out trenches and connecting passages, destroy tanks and cause casualties
during the rebuff of attacks and counterattacks on the march and in
concentration areas.

Figure 46, Incendiary shell:

1) body; 2) screw-on head; 3) incendiary elements;
4) time fuze; &) diaphragm; 6) burster; A) cross
section of an incendiary shell.

An incendiary shell is a time shell and resembles shrapnel in
its construction. It consists of a body, a screw-on head, incend)ary
elements (segments), a diaphragm, burster and time fuze (Figure 46),
Unlike shrapnel, instead of balls the free space between the head and
diaphragm is filled with incendiary elements packed intc several rows.
Each such elemert is a metal jacket fillad with an incendiary composi-
tion, for example, thermit., Depressions in the incendiary elements
form a central duct, in which is placed a cord fuze designad to trans-
mit the flame from the time fuze to each elemzit and the burster, with
the incendiary elements supposed tc ignite first, and the burster
next,

When the burster ignites, pcwder gases press on the diaphragm
and incendiary elements, as a result of which the screw-on head is
torn off and the burning elements are ejected st a high velocity onto
the target under bombardment., A high temperature develops during the
burning of the incendiary composition, reaching 2500-3000° C.




J-9750 121

Incendiary shells have quite powerful damaging action and great
psychological effect. The basic principle of their use is sudden and
massive blows. Incendiary shell fire on fortified inhabited localities,
airfields, depots, stations etc. is usually accompanied by high-explo-
sive fragmentation shell fire for the purpose of preventing fire fight-
1n8'

Smoke shells ars used to create a smoke cloud so as to interfere
with combat activity of the enemy, i.e. reduce the effectiveness of his
fire, conceal the operations of friendly troops from him, hinder his
maneuvering of reserves. Smoke shells are fired to blind enexmy observa-
tion and command posts, fire positions of batteries and individual guns,
weapon emplacements and personnel. They are also used for target des-
ignation, signaling, adjustment of fire and support of tank attacks, as
well as to detormine wind direction and velocity in the area of the
target.

Smoke shells resemble chemical shells in their construction and
operation. In contrast to chemical shells they are filled with smoke
agents -- white phosphorus, sulfur trioxide etc.

When the burster explodes, the body of the shell breaks up and
white phosphorus, capable of spontaneous ignition in air, is dispersed.
The oxidation products of the phosphorus condense into a thick white
smoke,

The duration of the smoke-screening of an area depsnds on the
character of the terrain and meteorological conditions. Cool cloudy
weather and a wind velocity of 4-5 m/sec are favorable conditions for
the use of smoke shells,

Faximum smoke-screen effect is obtained when the shell bursts
on contact with the obstacle (the percussion fuze is set for instan-
taneous action) or in an air burst (if the shell is time-fuzed).

Some smoke shells resemble shrapnel or incendiary shells in
their design: they have a burster and a screw-in base., The burster
ignites on actuation of the time fuze, the powdsr ygases of the burster
expel containers with smoke agents and the screw-in base from the
shell, The smoke mixture burning in the container forms a dense
cloud of white or colored (green, red, yellow, violet) smoke.

Illuminating shells are designed for the sudden illumination of
individual targets and enemy-occupied terrain in night operations and
under conditions of reduced visibility. They are also used to illumi-
nate targets under attack by tanks and motorized infantry, indicate
the direction of operations of friendly troops, lay down i1lluminated
reference pcints, counter night vision devices, and also as means of
signaling.

I1luminating shells resemble incendiary shells in design and
consist of a body, screw-in base, burster, a contajner with an illumi-
nating composition, a parachute device and a2 time fuze.

The illuminating composition for the shells usually includes
three components: a fuel (powdered aluminum and magnesium), an oxidiz-
er (sodium nitrate, barium nitrate), and a binder (rosin, camphor,
resin, boiled oil).

Soiikih Ot
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In the flight of the shell the flame from the time fuze is
transmitted after a prescribed time interval to the burster, which ig-
nites the illuminating composition in the container. The force of the
pressure of the gases which form on combustion of the burster cuts off
the base of the shell and forces out the container and parachute. The
parachute opens immediately and fills with air, while the body of the
container is stabilized by an antirotation braking device, which also
prevents twisting of the parachute lines,

Depending on the parachute design, the burning flare descends
at a speed of 2-7 m/sec. The terrain is illuminated for 40 to 120 sec.
The luminous intensity of the various shells ranges from 400,000 to
1,000,000 candles.

In parachuteless illuminating shells the illuminating segments
(stars) are arranged in the body in the same way as the incendiary ele-
ments of incendiary shells. The terrain {llumination obtained in this
case is uneven, and the burning time is no: great (20-25 sec), since
the illuminating elements fall at a gres%: speed (40-50 m/sec). Dark
night, clear air, flat terrain are considered favorable conditions for
the use of illuminating shells. Noonlight reduces the visibility of
targets illuminated by a shell, and fog and rain rule out the use of
illuminating shells altogether.

Leaflet shells serve to hurl propaganda literature and leaflets
into enemy lines.

They resemble illuminating shells in their design. The rolled-
up literature is placed in two or three metal containers. The distin-
gulsbing feature of leaflet shells }s that the burster is situated in
their head and the literature is ejected backwards through the tail
unit of the shell body. Once it has left the shell, the roll unwinds
and the literature scatters over a wide area,

Shells can be loaded with propaganda literature directly among
troops under standing operating procedure,

Unfavorable conditions for the use of leaflet shells are rain,
fog, updrafts and strong wind.

11, Mortar Shells

Mortar shells are nonrotating finned shells designed for fire
from mortars and smooth-bore recoilless guns,

The combat purpose, classification and action of mortar shells
are analogous to the combat purpose, classification and action of the
corresponding artillery shells.

Used for mortsr fire are basic-purpose mortar shells (fragmen-
tation, high-explosive fragmentation, high-explosive shells), and
special-purpose mortar shells (chemical, incendiary, smoke, illumi-
nating, leaflet shells), The unit of fire of recoilless guns includes
shaped-charge and high-explosive fragmentation mortar shells.

A mortar shell as finally filled (Figure 47) consists of a drop-
shaped or projectile-shaped body, stabilizer, fuze, a main charge and
increment powder charges. The body is made of steel or semisteel and
serves as a Jacket for the bursting explosive or other type of filler,
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depending on the purpose of the mortsr shell. The fuze is screwed into
the head of the body, the stabilizer into the base.

Figure 47. Mortar shell as finally filled:

1) fuze; 2) centering bulbs; 3) body; 4) stabi-
lizer tube; 5) increments; 6) stabilizer wings;
7) main charge.

In order for the mortar shell to fit the bore snugly with a
slight clearance rather than hit against it, the outside surface of
the body of the shell has one or two csntering bulbs. The wings of
the stabilizer have centering shoulders. The centering bulbs and
shoulders assure proper movement of the shell along the bore.

To reduce the escape of powder gases between the mortar shell
and inside surface of the barrel there are cannelures of a triangular,
rectangular, semicircular or trapezoidal profile made on the centering
bulb of the shell, In them powder gases expand, eddy and decelerate,
losing pressure and velocity. Therefore the quantity of gases escap~
ing through the clearance in modern mortar shells is not great (10-15
percent of the total quantity of gases).

The stabilizer (steel or sluminum) gives the mortar shell
flight stability and serves to position the propelling charge and cen-
ter the shell as it moves along the bore. It consists of a tube with
holes and wings welded onto the tube., After the ignition of the main
charge in the stabilizer tube, powder gases rush towards the bore
through the fire-transmitting holes. The increments in the stabilizer
tube are ignited in the process.
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There are stabilizers with a tail unit that opens up, for example
in the new French 120-am rocket-assisted mortar shell. In routine han-
dling and loading the diameter of the tail unit of such a stabilizer
does not exceed the diameter of the mortar bore. On firing, after the
shell leaves the bore, the wings open up and the diameter of the tail
unit becomes considerably greater than the bore diameter -- the stabi-
lizing moment of the mortar shell increases.

In the American 106,7-mm rifled mortars stabilization of the
projectiles (they can arbitrarily be called mortar shells) is effected
by rotation as they move along the bore. For this purpose a clamping
disk and a spinning disk are mcunted in the tail of the shell. These
disks enter the rifled part of the mortar barrel and perforr the func-
tion of a rotating band, communicating rotatory motion to the shell,
and the function of an obturator, preventing the escape of the powder
gases before the shell leaves the mortar barrel. This mortar can be
used for firing chemical shells.,

Civen equal calibers, mortar shells have a stronger splinter
effect than artillery shells. This is mainly due to the fact that the
large angles of incidence of mortar shells increase the area of splin-
ter damage. The high-explosive effect of mortar shells also exceeds
that of artillery shells of the same or approximately the same calibers
since mortar shells contain more explosive because of the thinness of
the walls, However, the percussion effect of mortar shells is appre-
ciably less than that of artillery shells.

12, Rocket Shells

Rocket shells are used in artillery collective-fire systems,
They serve to annihilate enemy personnel and fire weapons, combat ve-
hicles and other materiel in concentration areas, as well as to neutrale
ize artillery and mortar batteries. These shells are especially
effective for repelling massed attacks and for fire assaults on major
concentrations of enemy troops and materiel.
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Figure 48, Schematic diagram of a reaction engine:

1) direction of reaction force; 2) direction of gae

escape: 3) direction of motion of rocket shell; k)

nozzle; 5) engine chamber; 6) explosive of shell war-
head; P) pressure of gases in engine chamber.

Rocket, or reaction-propelled, shells owe their name to the prin-

ciple underlying their design -- the use of a reaction force. It
arises in a reaction engine as a result of the escape through a spocial
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opening -- the nozzle -- of gases generated durirg combustion of the
fuel. Figure 48 shows the schematic diagram of a reaction engine and
the direction of the reaction force. It can be seen from the diagram
that the forces of the gas pressure on the side walls of the engine
chamber counterbalance each other, while the force acting on the front
wall is greater than the force on the bottom, since the area of the
front wall is greater than the area of the bottom because of the pres-
ence of the nozzle in the latter. The difference between these forces
is the reaction force causing the projectile to move.

Modern unguided rocket shells were first developed in the Soviet
Union. As early as 1927 there were tests of an 82-mm rocket shell, in
whose engine chamber seven propellant sticks were placed. Somewhat
later, pilot models of a more powerful 132-mm rocket shell were devel-
oped. The tests of these shells began in March 1928 and were reassur-
ing on the whole. The shells were fired at a range of up to 5-6 km,
but their deflection from target was very high.

The problem of providing accertable accuracy of fire proved ex-
ceptionally complex and difficult. It took years of persistent work
to find a fin shape assuring shell stability in trajectory. The answer
was stabilizers with dimensions significantly exceeding shell caliber.
For example, the fin span of the 82-mm shells was 200 mu and of the
132-mm shells 300 mm,

The fruitful creative work of staff members of the scientific
center V, A, Artem'yev, N, I. Tikhomirov, Yu. A, Pobedonostsev, B, S.
Petropavlovskiy, G. E. Langemak, I. T. Kleymenov, L. E, Shvarts, F, N,
Poyda et al. was crowned with great success. By 1938 "RS's" (rocket
shells) -- the main component of the future "Katyusha" -- were created.

The 82-mm fragmentation and 132-mm high-explosive fragmentation
rocket shells were installed on combat aircraft. Thus eight RS-82's
were put on each I-16 and I-153 fighter plane, eight RS-82's or RS-
132's on the I1-2 attack plane, twn RS-132's on the "SB" bomber. The
test pilot G. Bakhchivandzhi, who later was to be the first in the
world to fly a jet plane, was the first to fire rocket shells from a
fighter plane in combat. In August 1939 in the regior. of the Halhin
Gol River in Mongolia the new weapon showed high combat effectiveness
in engagements with the Japanese invaders.

Just before the Great Patriotic War the last tests were com-
pleted in the Soviet Union of the M-8 and M-13 rocket projectiles, de-
signed for service in the land forces.

Rocket shells began to be used in the air forces of England and
the United States in 1942 and in Germany in 19413,

Unguided rocket projectiles are not only in service in the land
forces at present. The air forces and navy also have them. Fighter
planes, fighter-bombers, attack planes and bombers, as well as direct
infantry support helicopters are armed with these projectiles. 1n the
navy, surface vessels, naval infantry chasti and ship-ovased aircraft
are supplied with rocket shells.

Rocket projectiles are subdivided, according to combat purpose,
into fragmentation, high-explosive fragmentation, high-explosive,
shaved-charge, incendiary, smoke and other projectiles. The unit of
fire of the American 1l15.mm launcher M91 includes only chemical shells.
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In respect of flight stabilization method, rocket projectiles
are divided into nonrolling (fin-stabilized) and spinning (spin-
stabilized) projectiles.

Figure 49, Fin-stabilized rocket projectile:

1) fuze; 2) warhead: 3) guide pins; 4) cartridge
igniters; 5) rocket engine; 6) stabilizer,

A fin-stabilized rocket projectile (Figure 49) consists of a
warhead, powder rocket engine and stabilizer.

The warhead or projectile proper has a burster with an explosive
(or other filler) and a nose fuze.

The rocket engine consists of a resction chamber, nozzle, pow-
der charge and igniter, The reaction chamber is connected to the war-
head by thread or other means.

The powder elements for the rocket charges are usually made of
tubular nitroglycerin powder in the form of cylindrical sticks with an
interior through duct. During combustion the outside surface cf each
powder stick decreases and the inside surface increases, while the
total burning surface remains approximately constant. This powder-
stick shape makes it possible to cbtain uniform gas generation during
combustion of the charge, as well as approximately constant pressure
of the powder gases in the reaction chamber of the engine. In some
rocket projectiles powder sticks are used which have an inside duct of
cross-shaped section, '/
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Grates or diaphragms are used to keep the powder charge from
longitudinal displacement durirg transport of the projectile and to
retain the powder sticks in the chamber during their combustion. They
are placed over the nozzle.

The smoke powder igniter provides reliable and rapid ignition
of the entire surface of the powder charge during firing. Together
with an electric primer, it is placed in a moisture-proof jacket. The
weight of the powder in the igniter depends on the size of the surface
of the charge powder sticks which it is supposed to ignite. There are
base and nozzle igniters, depending on their location in the reaction
chamber., Base igniters are in the base of the chamber, nozzle igniters
in the opposite part of the chamber in the nozzle.

The powder charge igniters are ignited by electric primers or
squibs. On firing, the electric circuit is closed and the squib is ace
tuated: its electric blasting cap element is heated to the ignition
temperature of the powder lot. The flume from the squib ignites the
igniter in the reaction chamber, and the igniter ignites the entire
powder charge.

If the rocket projectile is fired from a rail-, frame- or other
type of guide rather than frcm a barrel, two guide pins in the plane
traversing the longitudinal axis of the projectile are attached to the
outside surface of the engine chamber. The pins confine the projectile
to the launcher guide before firing and serve to conduct the projectile
along this guide at the time of firing.

A shortcoming of fin-stabilized rocket projectiles is the com-
paratively great dispersion, several times (sometimes even ten times)
as large as the dispersion of rifled artillery shells. Therefore, im-
proving accuracy of fire is one of the principal problems in the design,
prcduction and combat employment of rocket projectiles.

The trajectory of a rocket projectile consists of two sections:
a povered and an unpowered section. The rocket engine operates in the
powered section. The projectile reaches maximum velocity at the end
of this section. The length of the powered section for field-artillery
rocket projectiles ranges from several dozen to several hundred meters.

The action of the reactive force ceases when fuel combustion in
the engine stops. This marks the beginning of the unpowerec section
of the trajectory. The velocity of the projectile gradually decreases
under the influence of the force of air resistance and gravity. On the
descending branch of the trajectory projecti.e velocity increases some-
vhat again as a result of the action of gravity. Thus, in the unpower-
ed section of the trajectory the motion of a rocket projectile is
practically no different from the motion of an artillery projectile or
mortar shell,

Hence it follows that the causes of the significant dispersion
of rocket projectiles must be sought in the powered section of the tra-
jectory. Such causes may be eccentricity of the reactive force, aero-
dynamic asymmetry of the projectile (ncnsymmetry of external shape,
slight bending or crumpling of fin etc.), initial perturbations re-
ceived by the rocket projectile on takeoff from the launcher guide,
gusts of wind, especially at the very start of the trajectory when the
rocket projectile has low velocity and is very unstable in flight, etc.
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To improve the accuracy of fire of fin-stabilized rocket projec-
tiles, they are, for example, given a rotary motion during flight
(svin). For this purpose tangential holes are drilled in the rocket
engine chamber near the center of gravity of the projectile. Some of
the powder gases escape frcm the chamber through these, forcing the
projectile to spin around the longitudinal axis, and this contributes
to a certain reduction in the influence of the eccentricity of the reac-

tive force.

Figure 50, Spin-stabilized projectile:

1) windshield; 2) upper grate; 3) reaction chamber;
4) powder charge; 5) nozzle apparatus; 6) diaphragm;
7) explosive charge; 8) case; 9) detonator.

Key: a) Nozzles

Spin-stabilized projectiles (Figure 50) have no fins at all.
They are stabilized in trajectory by rotation around the axis of sym-
metry by means of canted nozzles, It is known that a rapidly rotating
projectile takes cn the property of a gyroscope -- resisting the forces
and moments seeking to overturn it.
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The rotational speed of the projectile devends on the cant angle
of the rocket nozzles. The following considerations serve as a guide
here. A low rotational speed does not assure projectile stability in
trajectory because of the weak gyroscopic effect, and the gyroscope-
projectile will not be able to resist the overturning action of the
force of air resistance. Too high a rotational speed is also disad-
vantageous. The gyroscopic effect may grow so much that the force of
air resistance will prove insufficient to force the rotating projec-
tile to move head forward all the time, In addition, an increase in
the rotational speed of spin-stabilized projectiles will lead to a re-
duced range of flig:t, because the steeper the canted nozzles are, the
less the powder gases escaping from them take part in increasing the
velocity of the projectile,

Foreign specialists believe that from an economic standpoint
rocket projectiles are less advantageous than artillerjy projectiles or
mortar shells. Delivery of a rocket projectile to target requires con-
siderably greater material exvenditures than does the firing of artil-
lery projectiles at the same range (with the same effectiveness of
fire). For example, a single rocket projectile takes twice to three
times as much powder to fire as an artillery round, and if there is an
engine, several times as much metal is required.

It is also noted that the high consumption of rocket projectiles
in $2.1vo fire systems complicates the task of supplying them to troops
in the ccurse of operations.

In assessing the corparative advantages and disadvantages of
artillery and rocket projectiles, foreign military specialists arrive
at the conclusion that rocket projectiles, although they have indispu-
table advantages for inflicting sudden damage on large-sized targets,
cannot replace artillery projectiles and mortar shells, In varticular,
field rocket artillery is a supplement to canncn-type artillery in the
general fire system,

13, Rocket-assisted Projectiles and Mortar Shells

The principle of combined action and reaction as a way of improv-
ing the combat characteristics of artillery guns and mortars has beccne
porular during the last few years in the United States, France and oth-
er countries. Forelgn svecialists consider the use of rocket-assisted
projectiles and mortar shells to be one of the most promising ways of
increasing the range of fire and decreasing the weight of gins and mor-
tars.

A rocket-assisted projectile corbines the properties of a conven-
tional (action-propelled) and a reaction-propelled projectile. A com-
bination projectile of this kind iS fired frem a gun as follows. On
ignition of the convertional (active) powder charge the delay pellet of
the reactive charrge is ignited. The powder gases generated frcm the com-
bustion of the ccnventional charge eject the projectile from the barrel
at a certain muzzle velocity, while the reactive charge, which burns in
trajectory, creates additional velocity, assuring a significant in-
crease in the range of fire.

A rocket-assisted projectile permits either an increase in the
maximum effective range with a fixed gun weight or a decrease in the
gun weight with a fixed range.
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However, rocket-assisted projectiles also have disadvantages.
First, they have a lower effectiveness of target action due to the re-
duced welght of the bursting charge as ccmoared with a conventional
projectile. The explosive charge has to be soueezed in (reduced) to
make room for the rocket powder charge. Seccnd, they =re more compli-
cated to design and hence more eyrensive than conventional ammunition.

The development of rocket-assisted projectiles in the U.S. Army
was conducted cn the 115-mm XM?0 gun, the "Moritzer." Maximum range of
fire of about 16 km was obtained, with the gun itself weighing 1500 kg
in firing position. The work on the ¥M70 "Moritzer" enabled the Ameri-
cans to ascertain the advantages and disadvantages of rocket-assisted
projectiles 2nd to determine the direction of further research in this
field,

The results obtained during the development of the XM7C "Mor-
itzer" were used to create a 105-mm rocket-assisted howitzer projectile.
The latter has an elongated head. The rocket engine assembly is made
separately and is screwed onto the base of the projectile. The rocket
engine assembly also ir.cludes a pyrotechnic delay element, housed sep-
arately and covered with a cap, by means of which the engine can be
turned on or off. Nose percussion, mechanical time or proximity fuzes
can be used in the projectile. If the rocket engine is turned off,
the rocket-assisted projectile functiors in the same way as a conven-
tioral high-explosive fragmentation projectile.

The unit of fire of the new French 120-mm light mortar MO-120-60
includes the PEPA rocket-assisted mortar shell. It consists of a steel
body containing an explosive burster and rocket charge, a fuze and pro-
pelling charge situated on the stabilizer tube. The range of fire with
the rocket-assisted mortar shell (6550 m) is almost twice as great as
%hg range of fire from this same mortar with a ccnventional mortar shell

3600 m).

Since 1965 the United States has been doing research and experi-
mental work on the usz of rocket-assisted projectiles for naval artil-
lery fire cn coastal targets.

The foreign press notes that according to preliminary data these
projectiles may increase the maximum effective range of guns 30 percent.
For example, the range of fire of the naval 127-mm base gun with a bar-
rel length of 4826 mm rises from 11 to 14 miles, and that of the 127-mm
gun with a barrel length of 6858 mm from 14 to 19 miles. At the same
time a study is under way of the possibility of developing rocket-
assisted projectiles for 203-mm naval guns, whose maximum effective
range can be increased from 17 to 22 miles.

In U.S. land forces rocket-assisted projectiles are under devel-
ooment for all 11 models of armament from 40-mm to 155-mm caliber.
American studies have shown that the use of such projectiles increases
the range of fire of guns by 25-100 percent. At the same time the cost
of ammunition increases 10-15 percent, while target effectiveness is
somewhat reduced.

A radical difference between the new American rocket-assisted
projectiles and the projectiles developed at the end cf the Fifties and
the beginning of the Sixties is that the rocket engine in the new pro-
Jjectiles does not switch on immediately on leaving the bore, but in
trajectory. Better accuracy is achieved this way. Specialists assert
that the accuracy of fire of the new rocket-assisted projectiles is com-
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parable to the correspcnding characteristics of guided missiles and is
only slightly below the firing accuracy of conventional artillery pro-
jectiles. The projectiles withstand high rotational speeds (up to 12,-
000 rpm), as well as high accelerations (up to 15,000-20,000 units
instead cf 200 as in rocket projectiles and missiles).

Figure 51. American 127-mm rocket-assisted projectile:

1) exolosive; 2) terminal cap; 3), 9) vibration damp-
ers; U4) propellant charge inserts; 5) rotating band
of projectile; 6) launch delay element; 7) obturator
pad; 8) jet nozzle; 10) powder sticks of rocket en-
gine; 11) ring obturator; 12) warhead; 13) fuze.

A rocket-assisted projectile (Figure 51) has the appearance of
a conventional projectile, but has a solid-fuel rocket engine built in-
to its body. Attempts are under way abroad to produce rockst-engine
solid fuels of greater density and strength, with higher specific impulse
and minimum smoke formation, Much attention is being given to operating
reliability tests of projectiles. The aim of developers is that rocket-
assisted ammunition be as reliable under various conditions of employ-
ment as conventional artillery projectiles. In particular, it is
required that the rocket engine ignition system be activated under any
and all environmental conditions.

In the United States a rocket-assisted projectile is under study
whose solid-rropellant rocket engire is enclosed in a container filled
with a special fluid. This fluid crmpensates for the destructive ef-
fect on the propellant charge of large overloads occurring at the time
of firing, After the projectile leaves the bore the container with the
fluid is destroyed under the influence of internal and external aero-
dynamic forces. When the igniter is turned on, the fluid left in the
propellant charge is forced out, the duct of the crarge is dried and
the engine is turned on, iwmparting additional acceleration to the pro-
jectile,

The compensating fluid in this case is considered practically
incomnressible, Its function is uniform distribution of the loads
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which occur. Therefore, the body of the projectiles themselves can be
made relatively thin-walled, which permits approximately a doubling of
the range of fire.

The American army is also studying the question of creating a
rocket-assisted mortar shell with a liquid-provellant rocket engine.
The mortar shell is designed to be fired from a 106.7-mm mortar, whose
design reguires no modific:tions. It is reported that the range of
fire of the new mcrtar shell may far exceed the range of flight of
conventional projectiles or mortar shells., It is expected that pre-
vackaged liauid engines will be used in these rortar shells, with
dimethylhydrazine as the fuel and nitric acid as the oxidizer,

Possible ways of increasing the accuracy of fire of rocket-
assisted projectiles are under study. In the United States a prelim-
inary study was recently begun of the possidility of stabilizing such
projectiles in trajectory by means of a gyroscopic control system.

A rocket-assisted projectile with a liquid engine has been recognized
as most suitable for the experimencs. The control system incorporates
a gyroscope with two axes and a pneumatic transmitter. The thrust vec-
tor is controlled by the method of secondary linuid injection. The
liguid rocket engine turns on after a conventional artillery round is
fired, The principal difficulty in implementing the plan is consider-
ed to be the development cof relatively inexrensive gyroscooic instru-
ments for the control systenm.

Foreisn specialists emchasize that in ccmparison with a -o%:d-
rropellant engine a licuid engine will, in vrinciple, proviie higher
accuracy of fire by virtue of improved thrust vector control, will sim-
plify and eliminate the hazard of thrust cutoff and, finally, will re-
duce the amount of smoke that forms and discloses fire positions. Con-
trol of projectile flight must be effected by gas jet deflection by
means of a rotatable nozzle, and control ¢f flight range by propellant
cutoff. Holeswith atw.5t membrane are used for thrust cutoff in solid-
propellant rocket engines. This may lead to impairment cf the aero-
dynamic ouality of the projectiles or to the dangercus discarding of
nozzles over the positions of friendly troops. Projectiles with a
liquid rocket engine do not have these disadvantares.
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Chapter VI
FIELD GROUND ARTILLERY

1, Towed Cuns

Despite the well-known trend towards equipping modern armies
with self-propelled artillery the most numerous and common artillery
systems up till now in all armies of the world are still towed pieces.

Some foreign military specialists believe that, in addition to
self-propelled artillery, all available towed guns, including models of
the World War II periecd, can and must be used in our day until self-
propelled guns are manufactured in sufficient quantity.

Other experts assert that the existence of towed pieces must not
be made to depend on the saturation of armies of self-propelled artil-
lery. Here logistic considerations come to the fore: maximum combat
effectiveness of pieces with minimum production cost; high operating
reliability; strength of design: simplicity in training, service and
operation; feasibility of mass production.

It is noted that no special chassis are needed for towed artil-
lery because pieces are transported in a trailer behind general-purpose
prime movers and, if necessary, behind civilian vebicles and tractors.
Self-propelled guns, however, are mounted on special chassis as a rule,
If these are tank chassis, tank output is of course reduced.

Foreign specialists emphasize that no gun system, especially
artillery, must be obsoleted for as long a time as possible, This re-
quirement is bound up with the supply of materiel and equipment for
troops and the creation of necessary stockpiles for the contingency of
war. The relatively slow updating of the artillery park is also due
to the existence of large ammunition stocks which can be stored for
dozens of years in depots.

Towed pieces of the World war II period and of the first pust-
war years are in service in the American, English and other armies of
capitalist states: for example, in the United States the 105-mm how-
itzer M10l, 155-mm howitzers Mll4 and 203-rm howitzer M115 (previous
designations M2Al, MIA2 and M2 respectively); in England the 87.6-ma
howitzer-gun Mk2, 11l4,3-mm gun Mk2, 139.7-mm howitzer-zun Mk3, 182.9-
mm hcwitzer Mk6, 233,7-mm howitzer Mk2 and other systems.,

Modern towed artillery in the armies of the capitalist states
is represented by 105-mm howitzers (United States, England, France,
West Germany, Italy, Sweden etc.), 155-mm howitzers (United States,
England, France, West Germany etc.), 155-mm and 175-mm guns (United
States), 203-mm howitzers (United States, England etc.).

All these guns are intonded to neutraiize and wipe out personnel
and fire weapons, destroy defensive installations, and combat enemy
field artillery and mortars (depending on the caliber of pieces). The
fact that they have shaped-charge shells in their unit of fire enables
towed pieces successfully to repel the attacks of tanks and other ar-
mored vehicles,

The structural design of the above-enumerated pieces is clasi-
cal. It has been examined in detail in Chavter IV of the present book.
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105-m howitzers have a monoblock barrel with muzzle brake and

vertical or (less frequently) horizontal sliding-wedge breechblock.

The recocil mechanism consists of a hydraulic recoil brake and pneumatic
or spring recuperator. The elevating and traversing mechanisms are of
the rack type. Gun carriags: split-trail, wheel-mounted with pneumat-
ic tires. Some 105-mm howitzers are equipped with a carriage with
three or four folding trails in order to provide all-round fire. Fir-
ing olevations of the 105-mm howitzer range from -5 to + 65°.

A distinctive feature of 155-mm and 203-mm bowitzers is that
they bave bullt-up barrels, horizontal sliding-wedge or screw-type
breechblocks, and equilibrators of the spring or pneumatic type. How-
itzer carriage: split-trail, wheel-mounted, twc-axle, pneumatic tires.
On going from traveling to firing position the bottom carriage is sus-
vended on a central. tray (French 155-mm howitzer M50) or lowered to
the ground (American 203-mm howitzer ML15).

In recent years ar appreciable revival in the development of
new towed pieces has been observable abroad. The main attention has
been given to increasing the power of guns and lightening their weight.
The efforts of developers have concentrated chiefly on the development
of light air-transportable 105-mm all-round howitzers.

Let us consider the Swedish 105-rm Bofors howitzer M/42 and the
American 105-mm howitzer M102.

Figure 52. Swedish 105-mm Bofors howitzer M/42 in
firing (a) and traveling (b) position.
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The Swedish 105-mm Bofors howitzer M/42 is intended for use in
division artillery. Principal characteristics: weight of projectile
15.5 kg; muzzle velocity 610 m/sec; maximum range of fire about 15,000
m; weight in firing position 2600 kg; elevations from -5 to + 659
traverse 360°,

The howitzer (Figure 52) has a monobloc barrel with mugzio
brake, horizontal wedge-type breechblock, hydraulic recoil brake and
hydropneumatic recuperator. The recoil mechanism is located under the
barrel. A tilting shell tray serves to facilitate loading. The semi-
automatic feed mechanism makes it possible to obtain a rate of fire
up to 25 rounds per minute in the first minutes of firing.

All-round fire of the howitzer is made possible by the design
of the carriage with four folding trails and a mechanism for suspend-
ing the wheeled running gear in the firing position.

The American 105-mm howitzer ML02 is in service in the airborne
and airmobile troops and marines. It constitutes the basis of the
field artillery of U.S. ground forces in South Vietnam.

Flgure 53. American 105-mm howitzer M102.

The design of the howitzer characterizes the trend in the de-
velopment of American artillery for limited wars (1light weight, great
range of fire, low silhouette, air-transportability).

Basic performance characteristics of the M102 howitzer: weight
of projectile 13 kg; muzzie velocity 610 m/sec; maximum range of fire
15,000 m; weight in firing position 1450 kg; firing elevation from -5
to + 759; traverse 360°.

The howitzer can be transported by helicopter or aircraft,
dropped by parachute, and towed by ground transport facilities., A dis-
tinctive feature of the table of o.ganization for a battery of these
howitzers in South Vietnam is the lack of ground transport facilities.
To move the howitzars into the combat zone, firing platoons are given
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belicopters of the CH-47 type, Bmplacement time after delivery to
firing site: 2-4 minutes. The comparative ease of moving the howitzer
by belicopter permits its use to support ccmbat operations of small
podrazdeleniya down to and i.cluding patrols,

The howitzer (Figure 53) has a barrel with a muzzle brake whi_h
absorbs 55-60 percent cf recoil energy, vertical wedge-type breech-
block, and hydropneumatic recoil mechanism. The carriage consists of
a single trail shaped like a little bow (wishbone) and is mounted on
two wheels with pneumatic automobile tires.

Under the front carriage section a light base plate is mounted
on which the plece is let down in firing position. The rear trail as-
sembly rests on a cylindrical, longitudinally arranged roller. Con-
nected to the roller is the drive of the traversing mechanism which
provides relatively high traversing speed. If the drive is disconnect-
ed, two men can easily turn the piece on the base plate. Such con-
struction permits the delivery of all-round fire. The base plate on
which the howitzer turns is fixed in the ground by means of aluminum
stakes at the firing site.

American specialists consider the creation of the 105-mm how-
itger M102 a representative example of the new approach tc problems
in modern artillery design. They note that during World War II the
basic requirement in the development of artillery systems was to make
them strong and reliable in operation. In the name of this objective
the weight of pleces was even made excessive. The modern army has be-
come more mobile ~- an army of maneuver., Now heliconters take part in
moving troopg, artillery and ammunition. Therefore one of the basic
requirements set for modern models of armament is weight reduction
with maintenance of requisite dependability.

The Vietnam war experience has had a definite influence on the
American army's technical policy in the sphere of artillery. Accord-
ing to foreign press reports, the transport of artillery under condi-
tions in South Vietnam is hampered by difficult terrain and the lack
of guod roads and bridges. The rainy season affects artillery mobility
especially adversely. Under these conditions helicopters are the main
-- and soretimes even the sole -- means of artillery transport and am-
munition supply.

The old American 105-mm howitzer MiOl, still used at present in
combat operations, does not possess certain characteristics necessary
for airborne operations. When this howitzer, which weighs more than
2000 kg, is transported by helicopter, it has to be disassembled.
Moreover, the howitzer has limited maximum traverse (23° to the right
and 22,.5° to the left), range of fire 11,100 m, maximum angle of ele-
vation + 65°. To emplace this piece, trail spades must be braced
in the ground.

In the development of the 105-mm howitzer M102 the latest
achievements of technology and materials science were used., The car-
riage is made of highly weldable aluminum alloys. In the design of
the howlitzer wide use is made of plastics -- for bushings and coatings
of various kinds (for example, coating of guiding slcts of the cradle)
where resistance to corvosion and temperature fluctuations is important.
In the recoil mechanism plastic gland packing and gaskets are used.

The jacket of the cradle is equipped with vinyl-coated parts. Weight
saving is also provided by wheel webs made of magnesium, light-weight

i i i b o
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clutch assemblies etc. The howltzer is so designed that loads during
firing are uniformly distributed over the entire structure of the car-
riage. This has made possible a reduction in the weight of the gun.

Also regarded as an advantage of the new gun is the low alti-
tude of the line of fire (760 mm at angle of elevation 0°), which re-
duces to a minimum overturning moment during firing and cuts down the
trail length necessary to give the howitzer stability during firing.
The new collimating sighting system eliminates the use of aiming posts.
The rate of fire of the M102 howitzer is almost twice (180 rounds per
hour) that of the old howitzer.

The 105-mm howitzer M102 can deliver fire with all the kinds of
ammunition constituting the unit of fire of the old howitzer and be-
sides with a new projectile which makes po.sible a maximum range of
15,000 m on the eighth charge., The old howitzer is not adapted to this
Sheuo .

On swazpy terrain and in the flooded rice paddies of the Mekong
(South Vietnanm) River delta the M102 howitzer is mounted on a special
firing platform, which is adapted for muddy ground up to 60 cm deep
and covered with a 60-cm layer of water on top. In addition to the
howitzer, it can accommodate a six-man crew and a stock of 110 rounds
of ammunition. The howltgzer can be turned 360° on the platform.

However, experience in combat employment of the Ml02 howitzer
in Vietnam has also shown the weak points of this weapon., Cases have
been noted of cracks appearing in the base plate, barrel failure at
the muzzle end, unserviceability of the sight, bobbing up and down of
the howitzer during firing, intense effect of muzzle wave on gun crew,

Towed cannon-type antitank guns, which earlisr were the basic
weapon of antitank warfare, have in the opinlon of foreign specialists
to a considerable extent exhausted the possibilities of any further in-
crease in effectiveness by the methods known in practice. Under modern
combat conditions the shortcomings of towed antitank guns have become
more apparent. Antitank warfare of the 1960's required a sharp in-
crease in the point-blank range of antitank guns. However, an increase
in point-blank range, say to 2000 m, will result in such an increase in
the weight of guns that they will become cumbersome and unsuited as
infantry antitank weapons. Therefore, the course taksn abroad is to
supply troops with self-propelled antitank guns,

The basiz performance data of some towed guns of the armies of
capitalist states are presented in Table 9.

The trend in the further development of towed artillery in for-
eign armies is towards maximum reduction of gun weight (so that pieces
can be moved by helicopter) while preserving or increasing their fire
power, Two ways have been chosen to make guns lighter: wide use of
high-strength light alloys and employment of the most rational design
schemes,

Promising development projects give special attention to in-
creasing the maximum rate of fire of guns. According to cnmments of
the troops, artillery fire inflicts maximum casualties on the enemy
before his personnel take cover., Hence the desire to fire as many
rounds as possible in a short interval of time. This has compelled
American designers to seek ways of creating effective quick-fire artil-
lery pieces.
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Table 9

BASIC PERFORMANCE DATA OF SOME TOWED GUNS OF ARMIES
OF CAPITALIST STATES

Weight Maxizum Welght
Gun model of pro- range of in firing

Jectile, fire, m position, kg
U,s.
105-mn howitzer M101 15 11,100 2,040
105-mn howitzer M102 13-15 15,000 1,450
155-mz howitzer M1l4 43 14,600 5,770
155-mm gun M2Al b3 23,400 12,600
203-mm howitzer M115 9 16,900 14,500
England
87.6 gun-howitzer Mi2 11.3 12,200 1,800
139.7-mm gun-howitzer Mk3 45 15,700 5,440
182,9-mn howitger Mk6 91.6 15,500 10,000
233,7-mm howitzer Mk2 131 12,700 16,000
France
105-rm howitzer M50 16 14,000 2,700
155-m howitzer M50 43 18,000 8,000
Italy
105-mm mountain howitzer 15 10,100 1,300
Sweden
105-mm Bofors howitzer 15.5 15,000 2,600

M/u2

Research began in this field in 1960-1961 with the development
and testing of the American 1ll15-mm combination six-chambered automatic
gun, the "Moritzer® XM70. Research continues on other design schemes
of five- and six-chambered guns.

Regarded as promising in the American army are designs of guns
with a reverse recoil cycle. Such guns, according to foreign press re-
ports, make it possible to cut down recoil energy, which in turn may
lead to the development of a light-weight piece with a higher rate of
fire than contemporary guns havs.

In pleses with the conventional recoil cycle the recoiling rarts
on firing move to the rear at high speed, while the recoil mechanism
retards their movement and stops them. Then countersecoil takes place.

In the new developments the recoil cycle has the opposite
sequence. The moving parts of the gun are locked in the extreme rear
position, i.e. in the recoil position. During firing the recoiling
parts are released from the locked position and rush forward. This
action precisely matches the counterrecoil operation in conventional
gun systems save only that the moving parts travel at a far higher
velocity.
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When the recoiling parts reach a certain zone and a precalculated
forward speed, the firing mechanism switches on. The energy of the
powder charge first overcomes the energy of the forward motion of the
Ioc:iling parts, then pushes them backwards where taey are held by

ocks,

The duration of the forward recoil cycle of a standard Ax-.rican
105-mm howitzer is about 3 sec., The reverse recoil cycle takes about
1.5 sec, i.e. half as long. The potentiality of an increase in the max-
imm rate of fire thus emerges.

Other advantages of guns with a reverse recoil cycle are also
noted: elimination of rear trails, thereby freeing a large area
around the muzzle end for gun crew operations; decrease in total
length of the piece and good compactization of the entire system; de-
crease in height of the line of fire; simplification of the recoil
mechanism etc,

The operating reliability of this structural scheme presupposes
the realization of three basic requirements, First, the firing mechan-
ism must be actuated at a strictly specified time, when the recoiling
parts, moving forward, reach the necessary speed and the prescribed
point on their path. Second, the powder charge must ignite and burn
under specified, always identical conditions., Third, the locks must
be actuated without fail on every shot.

2, Auxiliary Propelled Gung

Auxiliary propelled guns are intended to escort infantry and
tanks on the battlefield., In contrast to towed pieces they have self-
propulsion units making possible independent travel by road and across
country witbout a prime mover. For great distances auxiliary propelled
pieces are moved in a trailer behind wheeled or tracklaying prime
movers,

Self-propulsion units consist of an engine, transmission and
control mechanisms,

Air-coolad, internal-combustion piston engines (of the motor-
cycle type) are installed on auxilialy propelled guns in order to con-
vert the chemical energy of fuel into mechanical work, which is used
for self-propulsion, The engine includes starter mechanisms, as well
as instruments to power and control its operation.

The transmission is the totality of the apparatus conveying
toroue from the engine to the driving wheels. The transmission con-
sists of the clutch, gear box, main drive shaft, rear axle assembly,
Cardan drives and cross drive transmission.

A frame is welded onto one of the trails of the gun in order to
house the engine together with clutch, gear box and brake. Armored
protection is used to guard the mechanisms against the impacts of shell
cases ejected during firing and against getting hit by small fragments
and bullets.

Fuel for powering the engine is put inside the trails,

The actuator for self-propulsion can be power-driven or hydrau-
lic.
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The power drive is constructed and operates as follows. Along
the trail from the gesr box to the bottom carriage runs the main drive
shaft, which connects with the driving shaft of the final drive of the
rear axle assembly. The rear axle assembly iz attached to the bottom
carriage and by the Cardan drives is connected with the cross drive
transmissions mounted on the cranks of the axletwmee and suspension.

Torque from the engine is transmitted via the clutch to the gear
box, then to the main drive shaft, rear axle assembly, Cardan drives of
cross drive transmissions, to the cross drive transmissions and driving
, wheels of the piece. The torque on the driving wheels varies with road.
1 conditions. For example, in negotiating difficult road sectors when
f torque in first gear is not sufficient to negotiate difficult sectors,

! the dual-high transmission switches on.

To increase cross-country ability under difficult road condi-
tions, the design of an auxiliary propelled gun sometimes incorporates
a differential blocking mechanism and a self-extricator., Differential
blocking enables a piece to move using one wheel if the other is spin-
ning due to a poor grip on the ground. The self-extricator works like
a winch., By means of it a gun can be pulled out when both wheels have
got stuck or are spinning., The drums of the self-extricator are located
on the webs of the driving wheels, and the cable on the shield. Anti-
skid chains are also used for the driving wheels.

The control mechanisms are designed to change the direction in
which the piece is moving, reduce the velocity of its motion and stop
the piece on upgrades and downgrades. They also make possible control
of the operation of the engine and transmission assemblies.

The control mechanisms consist of the steering system, brake
and driving controls. All controls are concentrated near the driver's
seat, which is situated on the rear trail assembly. A spring-mounted
seat for the driver is located on a bracket welded to the trail,

To facilitate the driver's work, the seat has a back and a cushion.
When a riece is changed from firing to traveling position, the driven
wheel is raised up for towing behind a prime mover.

Auxiliary propelled guns are supplied with a system of electric
equipment to illuminate the way during nighttime locomotion and to
light up the sight scales during nighttime firing.

In a trailer behind a prime mover an auxiliary propelled gun is
usually transported at the speed which prime movers permit. During
self-propulsion {(minus the prime mover) guns can move at a speed of
15-25 km per hour with "barrel backwards," ani at a speed of 5-6 km per
hour with "barrel forward."

It is permissible to transport the gun crew and ammunition
chests on auxiliary propelled guns. If the gun is transported in a
trailer behind a prime mover, the ammunition and personnel are accom-
modated in the body of the prime mover.

Auxiliary propelled guns were first developed in the Soviet
Union after the Great Patriotic War. One of them, for example, was
the 85-mm aurxiliary propelled gun,

The principle of artillery self-propulsion has also been put
into practice in other states too. In the United States, for example,
it is thought that the creation of auxiliary propelled guns is a suc-
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cessful way of raising the mobility of towed artillery on the battle-
field. In the opinion of the Americans, this method is advantageous
and economical since it permits use of towed guns which the troops
already have or are available in depots.

The American amy has in service a new 155-mm awriliary propellad
howitzer M123A1 with hydraulic actuator. On a trail of the howitzer
carriage is mounted a gasoline four-stroke 35-h.p. engine, connected
with the actuator. The driver is situated in the middle of the trail
and controls the motion by means of two levers. Total weight of the
howitzer: 6400 kg, including 500 kg attributable to self-propulsion
units, The howitzer's speed of self-propulsion on the road is up to
15 km per hour, and permissible towing speed is 80 km per hour. The
howitzer czn turn o. the spot, which accelerates laying and makes pos-
sible all-round fire. In addition, the piece is adapicd for air trans-
port,

The experience in combat employment of the 155-mm auxiliary pro-
pelled howitzer M123A1 is rated favorably in the United States. At
present a 105-mm auwxiliary propelied howitzer Ml24 is under development
for the American army. '

In the middle of the 1950's England also made attempts to design
experimental models of auxiliary propelled antitank guns. In so doing
the English tried to develop special auwdliary propelled carriages with
a more raticnal arrangement of assemblies rather than to adapt existing
field carriages to self-propulsion. For example, the English 76-mm
auxiliary propelled antitank gun had a special four-wheeled carriage
and moved over a dirt road at speeds up to 40 lm per hour. Places
were provided on the gun carriage to accommodate the gun crew and am-
munition chests. The power plant and driver's seat were located on
the right. During firing the front wheels were locked, and the rear
wheels spread at a 90° angle relative to the longitudinal axis of the
machine and served as a rest curing firing,

Essentially, the four-wheeled auxiliary vropelled gun was found
to be a poorer version of self-propelled gun mounts. Therefore, at the
beginning of the 1960's the English gave up further development of such
auxiliary prcpelled guns and went over to the creation of modern self-
propelled guns,

The West German 90-mm auxiliary propelled antitank gun PAK-90
is coming into service in antitank podrazdeleniya of motorigzed infantry
divisions of the Bundeswehr.

I{ has a barrel (40.% calibers in length) with a mugzle brake.
The breechblock irc semiautomatic with a firing mechanism of electromag-
netic or mechanical type. Loading is manual, while breechblock open-
ing and closing as well as the extraction of snent cases is automatic.
The recoil mechanism of the piece is mounted in the cradle, over the
guides of which the barrel moves during firing. The mount consists of
top and bottom carriages.

Gun pointing mechanisms make possible a vertical field of fire
from -8 to + 25° and traverse of 50°, Optical and infrared sighting
mechanisms are designed for day and night firing.

On the bottom carriage, which is made in the form of a box frame,
are located the power plant for self-propulsion, steering wheel and en-
gine controls, seats for three crew members, braking system, folding
lower shield and ammunition chests.
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The gun is steered over the terrain by means of the rear driving
wheels. When the support frame of the rear wheels is let down, the
gun is in firing position, The spade, which is actuated by a pneumatic
device, is sunk into the ground.

The power plant of the gun not only provides self-propulsion but
also performs the functions of a power source for the hydraulic equip-
ment of the system. To get the gun into firing position, the rear
wheels are pulled back by means of a hydraulic drive, and the plece
is lowered. A short abrupt run to the rear with the help of the engine
forces the spade tightly into the ground. After the suspengion is dis-
connected and the barrel released, the gun is ready to fire.

Special attention is given to providing the piece with auxillary
self-propulsion over difficult terrain, For this purpose large-diameter
driving wheels (principle of the araba) are provided, and gun carriage
clearance is made equal to 380 mm. On heavily broken wooded and mavrshy
terrain the driving wheels can operate independently of each other.

Total weight of the gun is about 5000 kg: height 1.4 m; length
7.3 m; width 2.5 m. In the position for self-propulsion the barrel of
the gun is pulled backwards by means of a hydraulic drive. The total
length of the gun in this case is reduced *o 6 m.

The engine has tractive power of 2.4 tons, which enables the
gun to negotiate the gentle banks of rivers and other terrain barriers
and even to pull out a prime mover that has got stuck in muddy ground.
grgﬁe climbing ability of the gun: 27°; grade descending ability:

3 )

For long distances the gun is towed as a trailer. Trucks or
army prime movers with load capacity over five tons are used as prime
movers.

The Western press rates the new West German 90-mm auxiliary pro-
pelled antitank gun PAK-90 highly. Noted as its advantage is the come
bination of such characteristics as short emplacement time, high rate
and precision of fire, and its capability of speedily changing firing
site unalded by tow vehicles.

Creating auxiliary propelled guns is one method of increasing
the mobllity of towed artillery systems immediately in the combat zone.

The principal advantages of these guns over towed pieces are:
higher maneuverability on the battlefield (by quickly assuming and
changing fire positions); the short time required to go from traveling
to firing position and vice versa; reduction in the number of gun crew
members and lightening of their work,

Auxiliary propelled guns are considered an intermediate link be-
tween towed and self-propelled artillery. In the development of auxil-
iary propelled guns the endeavor has been to avoid the complexity and
high cost characteristic of self-propelled guns.
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3. Self-propelled Artillery

Modern self-propelled artillery is intended for escort and fire
support of tanks and motorized infantry in combat and operations, as
well as for antiaircraft cover of troops against attack by enemy air-
craft.

The origin of self-propelled artillery was occasioned by tank
forces' need of powerful and highly mobile means of artillery reinforce-
ment on the offensive. In addition, self-propelled guns became a row=
erful antitank weapon and participated in escorting the infantry.

Self-propelled artillery was first employed on a mass scale by
the Soviet Army on the battlefields of the OGreat Patriotic War. The
adversaries of self-propelled artillery in the various armies used just
one argument: The self-propelled gun is ®a tank gone wrong.” The expe-
rience of World “ar II and, above all, the combat experience of the
Soviet Army, completely refuted the views of skeptics and opponents
of the development of self-propelled artillery. Its high combat effec-
tiveness became obvious to all. Therefore the ravid development of
self-propelled artillery was a fundamentally imrortant trend in World
War II ordnance,

The Sovict experience in the development of self-provelled artil-
lery undoubtedly influenced the appearance in the German Fascist Army of
the 75, 105, 128, 150-mm assault self-propelled guns and howitzers and
especially of the 88-mm self-propelled gun Ferdinand. There was even
an at‘empt to develop an exverimental model of a 600-mm self-propelled
mortar with a total weight of 70 tons.

In the United States ti.e following self-propelled guns were de-
veloped and went into service during the war: 75-mm howitzer M8 Scott,
76-mm guns M10 and M18, 90-mm gun M36, 105-mm howitzers M7 Priest and
New Priest, 155-mm gun MUO, 155-mm howitzer M4l, 203-mm howitzer MA43;
in England 76-mm gun The Archer, 87.6-mm howitzer-guns The Bishop and
The Sexton.

The influence of Soviet design thinking in the sphere of self-
propelled artillery was not limited to World War II, It was also
strongly felt in the postwar period.

In recent years in the developed capitalist states basic efforts
in the sphere of artillery armament have concentrated on the develop-
ment of self-propelled guns.

In this connection a distinction is drawn between self-propelled
artillery in the modern sense (with bulletproof armor) and assault self-
propelled artillery, which has the same armor plating as tanks.

Foreign specialists point out a number of advantages which self-
propelled guns have over towed guns and explain the reasons for the
preference accorded self-propelled artillery by many capitalist coun-
tries in the development of new models.,

First, owing to changes of views on the fundamental principles
of warfare caused by the emergence of miclear weapons, the requirements
sot for the protection, mobility and fire power of troops and combat
materiel have grown considerably. This applies in full measure to ar-
tillery armament too, Self-propelled guns equipped with atomic defense
means are adapted to conditions of nuclear warfare and are better pro-
tected against enemy fire,
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Second, it is generally recognized that tank forces best an-
swer the character of nuclear warfare. But tanks cannot successfully
perform the missions assigned them without artillery support if in their
wvay they enccunter organized enemy resistance in prepared positions.
Towed field artillery is not always in a position to give continuous
support to modern tanks and motorized infantry engaged in nuclear com-
bat., Self-propelled guns, however, possess high tactical and opera-
tional mobility, sufficient fuel distance, and good cross-country abil-
ity off the roads and over broken terrain plus negotiation of obstacles.

Third, in modern fast-moving warfare cutting down the emplace-
ment time of guns sharply increases the fire capabilities of self-pro-
pelled artillery in comparison with tractor-drawn guns and raises the
general combat readiness of chasti and soyediniya. For example, it
takes five minutes to bring American 155-mm towed howitzers from
traveling into firing position, and from 30 minutes to six hours (de-
pending on the ground) for tractor-drawn 155-mm guns and 203-mm howitze
ers., However, it takes one minute to get 155-mm and 203-mm self-pro-
pelled howitzers ready for combat.

Fourth, self-prcpelled guns have smaller overall dimensions than
towed guns plus prime movers and therefore a shorter march columm
length.

Finally, a smaller number of personnel are required to attend
self-propelled guns,

The shertcomings of self-propelled artillery are also noted:
difficulties in camouflaging and concealing large-sized vehicles;
unserviceability of entire gun in event of damage to chassis engine;
impossibility of using gun to bring up ammunition when the gun is in
a fire position. :glf-propelled guns are ccnsiderably more expensive
than towed guns, and for their mass production a country must have wkii-
developed industry at its disposal.

The following pieces can be self-propelled: field howitzers and
gur.s, antiaircraft guns, mortars, recoilless guns, antiaircraft artile-
lery mounts, salvo rocket-launching field artillery. The present sec-
tion takes up only field self-propelled and antitank artillery. Other
types of self-propelled systems will be shown in the appropriate sections
of the book.

The self-propelled gun is a single compact combat vehicle hav-
ing powerful artillery armament and motorized running gear (chassis)
with partial or complete armor plating.

Sometimes self-propelled guns are called self-propelled mounts
or self-propelled artillery mcunts. These terms arose historically
because earlier self-propelled guns were created by mounting (setting,
fitting) the then existing field guns on the chassis of tanks, trac-
tors or motor vehicles. In so doing, the tipping and rotating parts
of field guns plus pointing mechanisms remaired almost unchanged,
while the chassis replaced the bottom carriage.

The basic difference between self-propelled guns and tanks is
in the principles of combat employment and in the character of the
missions performed by them. For a tank three main characteristics are
essential: armor, armament and speed. Only a harmonious combination
of these characteristics in a combat vehicle defines the concept of
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"tank.” Under modern conditions tanks possess not only fire power out
also striking power. They are capable of operating both with infantry
and by themselves,

Self-propelled guns, however, are a variety of artillery pos-
sessing high mobility and cross-country ability and providing troops
with continuous accompanying fire.

Given the same weight, a self-propelled gun has a caliber that
is more powerful than a tank's, and sarmor plating that is weaker.

In respect of construction the following types of self-propelled
guns are distinguished: armored, semiarmored and open, with front or
rear placement of the fighting compartment.

In armored guns the body is the supporting structure for all
accessories and mechanisms. Three varieties of such guns are possible:
with a nonrotating turret, with a turret that rotates in a limited sec-
tor, and with & rotating turret.

Semlarmored guns are mounted on a special cross beam or pedestal
of t::e housing of the armored body., They are open from above and be-
hindo

Open self-propelled guns have a top carriage, shield and special
chassis-supporting frame. Depending on the power of the gun, all-round
or limited fire is provided.

In respect of the construction of the motorized running gear,
self-propelled guns are divided into tracklaying, half-track, wheeled
and ccnvertible self-propelled guns.

The tactical mobility of self-propelled guns is determinad by
how quickly they can move over broken terrain and change fire positious
and in how little time they can be made ready for action and the march.
Mobility is characterigzed by average speed of movement over the terrain
under combat conditions, specific ground pressure, and the ability to
negotiate various obstacles (ditches, fords, vertical walls, downgrades
and upgrades), turning radius of the vehicle, good pickup of the en-
gine, ability of engine to operate steadily in a wide range of revolu-
tions and loads, time required to convert gun from traveling to firing
position and vice versa.

Average indicators of cross-country ability of modern self-pro-
pelled guns: specific ground pressure of tracks 0.5-0.8 kg/sq cm;
clearance 300-500 mn; width of negotiable ditch 1.5-3,0 m; depth of
ford 0.6-1.2 m; height of vertical wall 0.7-1.0 m; ascent and descent
25-30°; careen 20-30°,

The maximum rate of travel of self-propelled guns ranges from
35 to 65 km per hour.

Any self-propelled gun consists of armament, armored hull or
frame, power plant, transmissicn, running gear, electrical and special
equipment (hydraulic drives, conpressors etc.), signal communication
facilities and surveillance equipment., All these parts are housed in
four compartments of the hull or frame: fighting compartment, engine
compartment, transmission compartment and driving compartment.
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The armament includes the artillery weapon, sighting and sur-
veillance equipment, small arms and basic load of ammunition,

The power plant consists of engine and fuel, lubricating, air-
cooling and filtering system,

The transmission includes the main clutch, gearshift box, side
clutches or planetary rotation gear, cross drive transmission (reduc-
tion gear).

The running gear is composed of tracks, driving wheels (sprock-
ets), idler wheels (track idlers) with tightening device, bogle wheels,
track support rollers, and suspensions (springs).

The electrical equipment includes storage batteries, generator
with regulating relay, lighting system and individual electrical acces-
sories,

Signal communication facilities are divided into intercom and
communication with other units. The intercom is for communication be-
tween the commander of the self-propelled gun and crew members, It
works by telephone, throat microphone and light signals. Communica-
tion with other units is effected by transceiver with a radius of ac-
tion of 20-25 km,

Sighting and fire-control equipment is intended for the vehicle
cormander, driver and gunner. It includes mechanical, optical and
television apparatus, inspection hatches, holes and slits covered with
protective glass,

The fighting compartment in self-propelled guns is located in
the front, middle or rear of the vehicle., In arranging the elements of
a combat vehicle the starting point is most effective use of armament,
better provision of invulnerability for all assemblies, and achievement
of good mobility and cross-country ability of the gun.

The size of the fighting compartment is determined oy the caliber
and type of armament, the layout of the armament, the range of the sweep
of the guard of the tipping parts of the gun, composition of the crew,
and size of the basic load of ammunition.

The minimum height of the fighting compartment is approximately
1200 mm when the gunher is constantly in a seated position. To avoid
his hitting bis head against the hull roof plate during cross-country
travel, especially when obstacles are being negotiated, the distance
from the plane of the gunner's seat to the hull roof plate is set at
900-9%y mm, The upper limit is for a gunner of above average height
(175 cm) in a seated position.

The loader, whose position varies according to the degree of
dispersion of the stowsge of ammunition, requires a minimum height of
about 1500 mm (average between seated and $tanding position) end about
1800 mm (for standing position).

The width of work area affects the ease of crew operation to an
even greater extent than does height. Space requirements differ for
each crew member: least space (0.6 cu m) for gun commander and radio
guniier; somewhat more (0.8 cu m) for gun-layer and driver-mechanic;
most of all (1} 1 cu m) for the loader.
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The gun is set on the chassis in different ways: on a pintle
mount with bracings; in a hinged frame; by direct attuchment of cradle
trunnions to the armor of the rotating turret: or in an immobile frame
attached to the rotating turret.

Gun mounting in a hinged frame is employed more frequently in
case of installation in a fixed turret. The frame has a hole top and
bottom for vertical trunnions, by means of which the frame is attached
to the hull of the self-propelled gun. The frame and, together with
it, the tipping parts of guns turn arcund the vertical trunnions in
the horizontal plane to specified angles to the right and left.

Horizontal holes for inserted cradle trunnicns with needle bear-
ings are also made in the frame. The tipping parts of the gun, rotat-
ing on the bearings of the horizcntal trunnions, permit firing eleva-
tions to be obtained in a prescribed range.

The artillery armament of self-propelled guns differs in design
from that of towed artillery. Important characterlistics of self-pro-
pelled systems: armor-plating of tipping parts; special arrangement of
recoil mechanism; use of a guard, cartridge ejectors, bats for spent
cartridges, ejection chutes, rammers and mechanisms for feeding a com-
plete round irto the loading line; air eirculation and ventilation of
fighting ccmoartment.

To prevent the mechanisms and crew of a self-propelled gun frcm
getting hit by shells and bullets, bubble-shaped armor plating is at-
tached to the cradle. It covers the opening in the armor at z1' angles
of elevation and traverse.

Armor plating makes gun design complicated. Secure attachment
to the cradle must be assured; tipping parts must be balanced; and
cradle, frame and elevating mechanism strengthened, since with the in-
crease in the weight and moment of inertia of the tipping parts the
inertial forces on these assemblies during rotion sharply increase.

To decrease the size of the fighting compartment and of the en-
tire self-propelled system as a whole, the gun is so designed that on
firing the barrel recoils the minimum length (200-400 mm), For the
same purpose high-efficiency muzzle brakes and massive breech rings
are used tc increase tho weight of the recciling partu.

The crowded conditicns wider which the recoil mechanism is
housed in the fighting cowmpartment necessitate a redaction not only in
the length but also in the diameters of recoil-brake and recuperator
cylinders, Compactness of recuperators is acuivved by increasing ini-
tial pressure to 60-70 kg/sq cm.

Of the three known methods of accommodating the recoil mechsnism
relative to the barrel (on tep, underneath, on the side), the bottom
position is more often used since it dces not limit angles of elevation
or increase the weight factor of the breech end.

In the design of self-pr~pelled guis and the grouving of their
tipping parts mounted in the rotating or fixci closed turret of the
vehicle, the attempt is made in every possitle way to reduce the radius
of sweep (distance from the axis of trunnions of the gun to the rearmost
face of the tipping parts).

In modern self-propelled guns cradle trunnions are no® placed in
the center of gravity of tipping parts (this would result in very large
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dimensions for the fighting corpartment), but are put back touards the
breech “ace of the barrel. This being the case, there can no longer
be natu-al balancing cf the barrel since the muzzle end beccmes over-
weighted. Gun pointing under these conditions not only requires great
efforts but may simply prove impossible.

To compensate for overweight of the muzzle end and to facilitate
laying of the gun for elevation, balancing mecharisms (equilibrators)
are used. They are of the spring and pneumatic type.

A puard serves to keep crew members from being hit by the breech
ring during recoil. It consists of fixed and sliding parts. On the
rear wall of the sliding guard a cartridge ejector and tipring shell
tray are soretimes placed to facilitate loading.

Self-propelled gins are usually supplied with two or three trig-
ger mechanisms -- electric-fuze, electromsgnetic and mechanical., The
last-named is an emergency mechanism. The electric-fuze irigger mech-
anism differs advantageously from the others in its very shert firing
time lag (five or six times less than for the mechanical trigger mech-
anism), small size and simplicity of construction.

In the development of the self-propelled gun special attention
is given to the positioning and stowage of ammunition. Above all, the
basic load of ammurition must be compactly and conveniently placed in
the fighting compartment. This conduces to an increase in the maximum
rate of fire. To eliminate impacts of shells (especially *.zes)
against the wall or other objects when the self-propelled hull vibrates
during travel and-firing, they must be safely secured.

Figure 54. Stowage of ammunition in fighting com-
partment of self-propelled gun:

1) charges; 2) shells.

Several nethods are known of stowing ammunitisn in the fighting
comrartmer,.s of self-propelled guns: in metal chests with hinged lids
(on the floor of the fighting compartment); on racks attached to the
walls; vertizally along the walls of the fighting compartment, attached
by clamn-type snap fasteners (Figure 54); in honeycomb racks fastenel
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to the floor or the fighting comoartment; or in a recess of the turrst.
Owing to the cramped svace ir the fighting comnartment and the desire
to accommodate the maximum number of rounds, combined stowage is em-
ployed. If there are rammers, stowage of ammunition can be varied
since individual groups of rounds or even an entire unit of fire will
hzve to be accommodated on the carrier.

The basic load of ammunition derends on gun caliber and weight
of the round. For example, for American 105-mm self-prcpelled howitz-
ers it is 100 rounds, for 155-mm howitzers it is 50, and for 203-mm
howitzers only 10 rounds.

Some self-propelled guns emrloy rammers and mechanisms for feed-
ing rounds from stowage to the loading line.

Closed self-provelled guns are supplied with a ventilating sys-
tem for the fighting compartment in order to remove foul air.

In the develooment of field self-propelled guns zbroad, in par-
ticular in the American army, four stages are differentiated.

The first stage, wiich began during the Wordd War II period, is
characterized by mounting of field guns on tank chassis, with the
fighting compariment not armor-plated.

In th2 second stage, which was the conseguence of XKorean war ex-
perience, guns with full arror ~lating were developed, but as previously
they were mounted on tank chassis,

The third stage, which began in 1961-1G662, represents complete
abandonment of tark-based self-propelled guns with heavy armor. Main
attention was paid to an increase in mobility, fire mancuverability,
reduction in the weight of the vebicle, provision of air transportabil-
ity and amphibious capability, and a rise in the rated cruicing range
of sell-propelled guns. The new guns have rotating turrets with all-
round fire, large angles of elevation, and smaller crews due to partiail
mechanization of the loading process. Armored carriers or svecialized
tracklaying chassic are used as the base.

In 1968-1949 the “ocurth stage began -- the stage of joint devel-
opment by the United States, England, France, West Germany and other
capitalist states of the new self-propelled guns of the 1970's. For
example, the decision was recently made to develop a 155-mm self-pro-
pelled howitzer that can fire ammunition produced in all these countries.

It 1s assumed that while preserving their high wmobility, the self-
propelled guns being desigred will have a longer range of fire and high-
er fire power. Extensive standardi-zation c¢f gun assemblies and accese
sories is envisaged in order to facilitate their overation, supply and
repair,

Table 10 shows the course cf development of the field self-pro-
pelled artillery of the American army during the postwar veriod,

From the table it can be seen that during the postwar years the
armament system of field :celf-prcpelled artillery was renovated {ihree
time in the American army -- the replacement of artillery armament being
carried out not with single rodels, but entire systems, including all
the basic field artillery calibers. The tire taken for the development
of new guns was also shortened.
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Table 10

DEVELOPMENT OF AMERICAN FIELD SELF-PROPELLED ARTILLERY
DURING POSTWAR PERIOD
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Let us consider several models of modern self-propelled guns
of forelgr armies,

The American 105-mm self-propelled howitzer M108 has a monobloc
barrel with muzzle brake. The breechblock is vertical, sliding-wedge
type. The recoil mechanism ernsists of a hydraulic recoil brake and a
spring recuperator.

The ordnance is mounted in a closed rotating turret on a special
chassls, based on assemblies of the M113 armored carrier. Aluminum al-
loys are widasly used in its construction. In particular, the hull and
turret are made of aluminum, which permitted a reduction in the weight
of the howitzer and enabled it to be made amphibious and air-transport-
able,

The aluminum armor plates of the hull and turret protect the
crew from the fire of infantry weapons, shell fragments and flames.
The hull is airtight. All hatches are closed by covers with hermet-
lcally sealing gaskets. The fighting compartment has a reinforced
double kall floor.

The gun is supplied with atomic defense means and automatic
firefighting equipment (two 4.5-kg cylinders of carbon dioxide).

The power plant is a V-8 liquid-cooled turbosupercharged Diesel
engine developing 425 h.p.

The running gear with rubber and metal tracks has seven bogie
wheels on 2ach side. The rocker arms of the driving (in front) and
idler (in the rear) wheels are eauipved with hydraulic shock absorbers.
During firing the chassis susvension is disconnected. This reduces
the vibrations cf the entire vehicle during the delivery of fire and
increrses the accuracy of fire.
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Combat weight of the howitzer: 20.8 tons; maximum speed of
travel: 65 km/hr; rated cruising range: ULOO km; crew: five men.

The 105-mm howitzer M08 fires shells weighing 13 kg for dis-
tances up to 15,000 m, Angles of elevation: from -4 to 4+ 75°;
traverse: all-round.

In order to negotiate water barriers afloat, the howitzer is
equipped with a special set of floaters (six inflatable rubberized con-
tainers and three wave-repelling shields). The tracks serve as a pro-
peller afloat.

. A 12.7-mm machinegun is mounted on the rotating turret of the
howitzer. To fire it, 500 cartridges are carried in the fighting com-

pa!'tment.
Reproduced from
best available copy.

Figure 55. American 155-mm self-propelled howitzer M109.

The American 155-mm self-propelled howitzer ¥106 (Figure 55) in
its structural design resembles the 105-mm self-propelled howitzer M108
and is set on the same Mil3 armored carrier chassis, These howitzers
have in the main the same inside equipment in vehicles.

The 155-mn howitzer M109 differs from the 105-mm howitzer ML08
in caliber, weight and certain structural peculiarities. In p.rticu-
lar, the M109 howitzer employs a semlautomatic screw-type breechblock
with sector thread, introduces a device to facilitate loading, and ef-
fects turret traverse by hydraulic drive,

Maximum range of fire of the howitzer: 18,500 m; angles of ele-
vation: from -3 to + 75%; traverse: 360°.

Combat weight of the gun is 23.6 tons; rated cruising range
350 km; crew: five men. Buoyancy of the howitzer is provided by the
same reans as for the M108 howitzer. Negotiable obstacles: ascent
up to 31°; ditch 1.83 m wide; ford 1.2 m deep and vertical wall 0,53
m high.

he 155-mm howitzer M109 can deliver fire with conventional and
nuclear projectiles,
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As is known, the development of nuclear ammunition for artil-
lery pieces in the United States began in the 1950's. The Americans
fired the first artillery shell with a 10-15 Kt nuclear charge on 25
May 1953 from a 280-mm gun specially developed as a tactical means of
employing nuclear weapons. Subsecuently this gun, which was of great
weight (85 tons) and had little mobility (it was towed by two prime
movers) was taken out of service. The United States developed a 203-mm
nuclear projectile with a yleld of 2 Kt.

In November 1963 the Pentagon announced the development of a nu-
clear projectile for the 155-mmn howitzer (yield about 1 Kt, range of
fire 14,000 m). According to foreign press reports, the 155-mm nuclear
projectile is packed in a container, in which it can be conveyed by all
kinds of transport and dropped by parachute. The firing device is
stored separately in the same container.

155-mm self-propelled howitzers ML09 are also in service in the
armies of West Germany, Belgium, Holland, Denmark, Canada and other
ccuntries,

Recently the M109 howitzer underwent modernization in the United

States. In order to reduce the effect of firing on crew and vzhicle,
the barrel was lengthened 2.t m (model MLO9EL).

Reproduced from
best available copy.

Figure 56. American 175-mm self-propelled gun ML07.

The American 175-mm self-propelled gun MO7 (Figure 56) was de-
veloped on the special standardized chassis which is used for the 203-
m self-propelied howitzer M110, repair and evacuation vehicle M587,
infantry combat vehlcle XM701 and other purposese. The hull of the chas-
sis is welded from armor steel plate.

The gun itself is set on a pedestel. The fighting compartment
does not have armor protection. The driving compartment and power com-
partment (turbosupercharged 450-h.p. Diesel engine and hydrome chanical
transmission) are located in the front end of the hull, The running
gear is constructed without track suprorting rollers and the conven=
tional idler wheel, the role of which is taken by the last bogie
wheel., in the estimation of foreign specialists, this design makes
possible a reduction in total height and weight of the vehicle, lower=-
ing of vibrations and noise, and decrease in the loss of power in the
running gear. Suspension: individual, torsion.
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Combat weight of the gun: 28.2 tons. Maximm speed of travel
over roads: about 60 km/hr. Rated crulsing range: approximately 700
km. Crew: six men.

The 175-mm self-propelled gun MIO7 is considered quite a maneu-
verable gun. It can negotiate ascents up to 31°, ditches 2.15 m wide,
fords 1.2 m deep and vertical walls up to 1 m high. The gun is air-
transportable by two airplanes: the chassis on one plane, the tipping
parts of the gun on the other,

To give the gun stability during firing, two spades are attached
to the rear end of the hull of the vehicle. They are raised and lower-
od by means of a hydraulic drive.

At projectile muzzle velocity of 915 m/sec, the gun fires pro-
Jectiles weighing 67 kg for a maximum range of 32,000 m. The gun mount
makes possible maximum traverse of 60° and angles of elevation from -2
to + 65° The main laying drives are hydraulic; awdliary drives:
manual. Loading is effected from the ground with a special mechanism
for lifting and ramming the projectile. The powder charge is put in a

bag.

The 175-mn self-propelled gun Ml07 has been employed by American
forces in Vietnam since December 1965, These guns are ferried across
the ocean by military transport planes of the C-li41 type. Regular
transport of the guns is due to the necessity of keeping constant the
combat ability of artillery chasti of the American army.

Experience in the combat employmert of the M107 175-mm guns in
Seuth Vietnam has revealed an inadecuate accuracy life of the barrels
for heavy-charge firing. Excessive pressure of the powder gases neces-
sary for long-range firing of heavy shells results in premature wear
of 11.7-mm barrels. Under such conditions the barrel stands up for
only 200-300 rounds instead of the 700 rated rounds. This leads to
frequent barrel replacement (each barrel is worth $18,000).

Figure 57. English 105-mm self-propelled gun "The Abbot."
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The English 105-mm self-propelled gun "The Abbot® (Figure 57) is
intended for combat operations as part of highly mobile military chasti.
It is the first self-prcpelled artillery system of British make for
use in mobile operations. It has a barrel with a muzzle brake and a
mechanism for the removal of powder gases after firing, semiautomatic
vertical sliding-wedge breechblock, two hydraulic recoil brakes and a
hydropneumatic recuperator.

The gun is accommodated in a rotating turret with all-round fire.
Angles of elevation: from -5 to + 70°. The turret and gun are rotat-
ed by means of a manual mechanical drive. Both gun-layer and commander
have traversing control levers.

The self-propelled gun is armor-plated (10-12 mm armor) and pos-
sesses amphibious capability (after being provided with special devices
kept constantly with the gun). It is noted that the “Abbot® gun is
adapted for operations in zones of railoactive contamination. It is
hermetically sealed and supplied with air conditioning apparatus. The
gun 1s also air-transgportable.

Loading of the gun: separate case., Its unit of fire include.
high-explosive fragmentatlion, armor-piercing, illuminating and smoke
shells., Number of multisection charges: eight. Forty rounds are
transported with the gun, and 1200 cartridges for the 7.62-mm machine-
gun mounted on the commander's cupola. Under combat conditions the
piece is serviced by a five-ton carrier, frcm which ammunition is fed
directly to the gun.

The crew of the self-propelled gun consists of four men: coun-
mander, gun-layer, loader and driver,

A multifuel six-cylinder engine with vertical cylinder arrange-
ment and automatic transmission are mounted on the gun chassis, Bn-
gine norsepower: 240,

The running gear uses tracks wi‘h rubber and metal hinges. There
are five bogle wheels on each side. The wheels are twin with rubber
tire setting.

Combat weight of the gun is 17 tons. Maximum speed of movement
over land: up to 50 km/hr. Soeed afloat: 5.6 km/hr. Rated cruis-
ing range: U480 km., The gun can negotiate the following obstacles:
grade up to 30°; ditch up to 2.1 m wide; ford up to 1.2 m deep.

Maximum range of fire of gun: 15,000 m. Weight of projectile:
15.4 kg, ’

The Swedish Borors 155-mm self-propelled gun AKV-155 (Figure
58) differs from all the self-propelled guns here considered in that
there is an automatic loading mechanism.

To feed projectiles to the gun, there is installed in the rear
part of the gun turret a lifter with a crane arm, which is an integral
part of the piece. When ammunition is unloaded from a motor carrier,
the 1lifter takes frcm the venhicle a cassette with fourteen shells and
inserts it in the magazine, which operates on the principle of utiliz-
ing the recoil of the barrel. There are seven compartmsnts in the
magazine, each of them holding two shells. Shells are fed one at a
time into the shell tray which is mounte? on a tipping mechanism under
the magazine. The shell tray feeds a shell to the breech end of the
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barrel, and the slideblock seats it in the powder chamber of the plece.
These onerations are performed under the actuation of the cocked
springs of the loading and ramming mechanism.

\:3

Figure 58. Swedish 155-mm self-propelled gun AKV-155.

The piece is capable of delivering not only single-shot, but
also automatic fire. The entire basic load of ammunition (1% rounds)
can be discharged in 45 seconds in automatic fire.

Basic performance characteristics of the 155-mm self-propelled
gun: weight of projectile 47.6 kg; muzzle velocity 840 m/sec; maximum
range of fire 24,700 m; angle of elevation from -5 to + 40°; maximum
traverse 300,

The gun is set on a tank chassis. Thickness of armor of the
fighting compartment and magazine: 20 mm; of hull plate: 15 mm. Com-
bat weight (with crew, fuel reserve and unit of fire): 49,2 tons.

There is a combination power plant on the chassis, It consists
of a multifuel 240-h.p engine and a gas-turbine 330-h.p. engine, which
can be used separately and indevendently of each other or together.
Maximum speed of movement: 35 km/hr.

‘The gun is serviced by a seven-man crew. Four men are directly
with the piece. They are accommodated in two compartments, which are
protected against the penetration of radioactive dust.

Swedish designers encountered great technical difficulties in
their attempts to automate the field self-propelled 155-mm caliber
plece with a round weighing 85 kg. Therefore, over 19 years were taken
to develop this gun, and it was not until 1965 that it went into serv-
ice in the Swedish army.

Basic performance of some self-propelled guns of armies of
capitalist countries are presented in Table 11, '
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i Table 11

BASIC PERFORMANCE DATA FOR SCME SELF-PROPELLED GUNS
OF ARMIES OF CAPITALIST COUNTRIES
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Keys:
A. Gun model
. U.S. 13. 203-mm howitzer M110

105-mm howitzer M37 14, England

105-mz. howitzer M52 15, 87.6-mm gun-howitzer “The Bishor®
105-mm howitzer M108 16. 87.6-mm gun-howitzer "The Sexton®
. 155-mm howitzer M4l 17. 105-mm gun "The Abbot"

. 155-mm howitzer M44 18, 139.7-mm gun-howitzer

. 155-mm howitzer MI0O9 19. France

« 155-mm gun M4O 20, 105-mm howitzer AMX-50

9. 155-mm gun M53 21, 105-mm howitzer DE 105 CT

10, 175-mm gun M107 22. 155-mm howltzer AlX-2D

11. 203-rm howitzer M43 23, Sweden

12, 203-mm howitzer M55 24, 155-mm automatic gun AKV-155

M~ O FlI -

B, Weight of projectile, kg
C. Maximum range of fire, m
D. Combat weight, tons

E. Rated crulsing range, km
F. Crew, men
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Let us consider the present state of self-propelled antitank
artillery.

Since special antitank weapons require effectiveness in quite a
wvide range of fire, foreign military experts consider it unfeasible to
develop a single general-purpose antitark weapon for all conditicns
under which combat operations are conducted. In their opinion, suc-
cessful warfare against enemy tanks must be provided by well thought-
out organization of a fire system of muiually complementary antitank
weapons of various types. This includes antitank guided missiles,
recoilless guns, and close-combat antitank weapons (rocket handguns and
rocket launchers).

The tark is regarded as the best antitank weapon. However, in
the opinion of foreign specialists, it is hardly a feasible task prac-
tically for even the economically most advanced countries to create
the number of tanks which the troops need for this purpose,

Foreign armies follow the course of using all kinds of artillery
up to 155-mn caliber inclusive for direct fire on armored targets with
shaped-charge and armor-piercing shells. In addition, during the past
decade definite attention has been paid to the development and adoption
for service of specialized self-propslled antitank guns. The American,
English, West German and other armies have such pieces,

The American 90-mm self-prcpelled antitank airborne assault gur
M56 "Scorpion® is in service in the airborne troops.

The artillery part of the gun is set on a pedestal mount inside
the hull of a special tracklaying chassis. The self-propelled gun as a
whole is of the open unarmored type.

Structural peculiarities of the chassis: aluminum riveted hull;
torsion suspension; bogie wheels with multiple-cord tires. The pcwer
compartment is located in the nose of the hull, and the driving and
fighting compartments are in the rear., Engine horsepower: 205,

The light weight (7.5 tons), wide tracks and high specific power
enable the Scorpion self-prcpelled gun to negotiate grades up to 31°,
ditches up to 1.2 m wide, fords up to 1 m deep and vertical walls up to
0.75 m high. In addition, it is air-transovortable.

The effective range of fire of this antitank gun is approximate-
ly 1500 m; maximum range of fire 18,100 m; muzzle velocity 930 m/sec;
weight of projectile 10.8 kg. Aneles of elevation: from =10 to + 159;
maximum traverse: 60°,

The 90-mm M56 Scorpion self-prcpelled antitank gun was a unique
experiment, animatedly discussed by American military specialists.
The opinion was expressed that the absence of armored protection for
the crew and of machinegun armament raised a doubt regarding the ad-
visability of employing the M56 self-propelled gun for the conventional
infantry division. However, more detailed study of this machine and
analysis of its capabilities showed that these shortcomings could be
disregarded. The conclusion was reached that speed, mobility, light
weight, low silhouette and other advantages make the M56 self-propelled
gun an effective antitark weapon. The experience of developing this
gun was taken into account in the creation of the 105-mm and 155-mm
self-propelled howiizers.
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The West German 90-mm self-propelled antitank gun "Jagdpanzer®
was adopted for service in the Bundeswehr several years ago and \s
designated as a tank destroyer. It uses a special tracklaying chassis
with turretless design of the hull, which is made of rolled armor plate.

In its interior ballistics and in the construction of many assem-
blies and parts of the piece (cradle, muzzle brake, recoil mechanisa
etc.), the Jagdpanzer gun resembles the American 90-mm gun, which is
mounted on the M48 tank., Urified standard NMATO ammunition is used for
both guns,

Table 12

BASIC PERFORMANCE DATA OF SOME SELF-PROPELLED ANTITANK
GUNS OF ARMIES OF CAPITALIST COUNTRIES
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Keys:
A, G\m model
1. England
2. 76-mm gun "The Archer®
3. U.S.

%, 90-mm gun M56 *Scorpion"
5. West Germany
6. 90-mm gun “Jagdpanzer"
B, Weight of projectile, kg
C. Mugzzle velocity, m/sec
D. Effective range of fire, m

E. Maximum range of fire, m

F, Combat weight, tons

The Swiss Hispano-Suiza armored carrier KS-30, which is stand-
ard equipment in the Bundeswehr, is employed as chassis. The vehicle
1s supplied with an eight-cylinder 500-h.p. engine, inderendent torsion
suspension, reversing gear which makes possible identical speeds forward
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and backwards, an air-conditioning system, filtering and ventilation
equipment, optical instruments for observatimand fire control by day

and night, a radio set and interphone system, two 7.62-mm machineguns
(one of them an antiaircraft machinegun), and eight smoke generators.

Foreign specialists note that the fact that there is an airtight
armored hull and filtering and ventilation equioment assures protection
of the crew (four men) against bullets and fragments and makes combat
operations possible under conditions of radiocactive terrain contamina-
tion. Favorable characteristics of the gun also include the low sil-
houette of the self-provelled piece. However, the weapon does not
possess amphibious capability and cannot be dropped by parachute.

Water obstacles are negotiable only by fording, and for this purpose
it has exhaust inverted valves and a mechanism for shifting air feed
to the englne,

The basic performance data of some self-propelled antitank guns
of armies =f capitalisl countries are presented in Table 12,

The trend in the further development of field and antitank self-
propelled artillery abroad is proceeding along the line of an increase
in the fire power of armament and a rise in the rate of aimed fire, a
lowering of crew size and maxirum possible increase in the basic load
of ammunition, a shortening of preparation time for firing, a rise in
mobility and cross-country ability, provision of amphibious capability
and air-transportability of pieces.

Foreign specialists believe that for self-propelled artillery
prospects are good for a multifuel engine, capable of operating on
gasoline, kerosene, diesel and other fuels. The advantages of such
engines are obvious: rated cruising range increases, and fuel supply
is simplified. The first series multifuel engines have been installed
on the Swedish 155-mm and English 105-mm self-propelled guns.
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Chapter VII
RECOILLESS GUNS, MORTARS AND ROCKET ARTILLERY

1, Recoilless Guns

Recoilless guns are classed with combined dynamic and reactive
artillery systems, in which barrel recoil on firing is eliminated by
the escape of powder gases through a nozzle in the breech end of a
plece.

Figure 59. Diagram of construction of recoilless
gun with central nczzle:

1) breechblock; 2) breech ring; 3) shell case;
4) barrel; 5) projectile; 6) powder; 7) ad-
Justing ring; 8) sabot; 9) nozzle.

The operating principle of the recoilless gun is as follows
(Figure 59). On firing, some of the powder gases rush through the noz-
zle in the opposite direction of the projectile's movement, A reaction
force arises which is equal to the force of the powder-gas pressure on
the base of the projectile. The size of the powder charge necessary
to give a projectile the reauired muzzle velocity devends in a given
case on the magnitude of the minimum area of nozzle cross section (or
nozzle ports). This cross section is said to be critical.

The area of critical nozzle cross section is so selected that
the impulse of the reaction force of escaping powder gases is equal to
the impulse of the force of the gas pressure on the base of the projec-
tile, whereby practical recoillessness of the barrel of the weapon is
achieved. As a result, the need for recoil mechanisms (as in conven-
tional pieces) or for base plates (ac in the case of mortars) is
obviated, and gun carriage weight sharply declines. In recoilless guns
the carriage experiences practically no dynamic loads at the time or
firing. It srrves only to support the barrel and accommodate the
pointing mechanisms,

Recoiiless guns possess the following merits: relatively high
power with light weight of system; simplicity of construction; high
metal utilization factor. tlowever, they are charascterized by shortcom-
ings too: the revealing effect of powder gases emanating from the
nozzle; the existence of a danger zone behind the gun; high powder con-
sumption; inconvenience in servicing.
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Thus, it takes three to five times as much powder to fire a sin-
gle round from a recoilless gun as it does from a conventional artil-
lery weapon of approximately the same caliber and power although the
pressure of the powder gases in the barrel of the recoilless gun is
almost half. It is entirely impossible to eliminate these shortcoma-
ings. To eliminate the rearward escape of gases from the nczzle means
abandoning the cowoined dynamic and reactive principle. Therefore, re-
collless guns are employed when the requirements of lightness plus nigh
power in a weapon are decisive.

It may not be amiss to discuss here the fundamental difference
between reactive systems, on the one hand, and combined dynamic and re-
active (recoilless{ systems, on the other.

In reactive systems the propelling charge is located in the pro-
jectile itself, and its combustion takes place not only in the bore or
on the launching guide, but also in trajectory.

In combined dynamic and reactive systems the propelling charge
is located outside the projectile, and it burns in the bore prior to
the exit of the projectile. The projectile moves along the bore as
it does in the conventional rifled gun or mortar -- solely by virtue of
the pressure of powder gases in the bore,

Recoilless guns are orie of the new types of artillery weapons.
In May 1923 Soviet Engineers L. V, Kurchevskiy and S. A. Izenbek were
the first *o propose the original design of the recoilless gun -~ the
combined dynawic and reactive gun, in which the rate of escape of powder
gases was regulated by the nozzle. The nozzle had the shape of an ex-
panding cone and was in the rear part of the barrel.

Recoilless guns underwent furthe:r development in the Soviet Un-
ion at the end of the 1920's and the middle of the 1930's. A special
commission headed by Engineer V. M, Trofimov and later Professor Ye. A.
Berkalov rade a study of them. The design team of L. V. Kurchevskiy
carried on especially intensive research in this field in 1932-1934,

By 1937 many models of recoilless guns for the ground forces,
aviation and navy had been adopted for service or were in the final
stage of development (37-mm antitank rifle RK, 76-mm battalion gun BPK,
76-mm high power gun, 76-mm aireraft cannon APK-4, 305-mm self-propelled
field howitzer SPGK etc.). All pieces had rifled barrels, case load-
ing, and k.cechblocks with a centr:1l nozzle. For the times they had
fairly high performance characteristics. Thus, the 305-mm recoilless
gun could fire a 250-kg projectile at muzzle velocity cf 600 m/sec for
a distance of 16,000 m.

Foreign armies had no reccilless guns in service at all prior to
World War II. According to foreign press data. the first recoilless
guns are believed to have been the German 75-mm guns M40 and 105-mm
guns M4O and 42, which appeared in the German Fascist army in limited
quantity during World War II for use in the airborne troops. Struc-
turally, the Geruman recoilless guns differed only slightly from our
Soviet recoilless guns of the 1930's, but in their power and operation-
al characteristics were somewhat inferior to them. There ware no
shaped-charge projectiles in the unit of fire of German recoilless guns.
Therefore they did not gain acceptance,

The attitude towards recoilless guns changed radically in the mid-
dle of World War II when the use of shaped-charge projectiles in guns
and howitzers began un a mass scale.
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The shaped-charge prcjectile breathed new life into the recoil-
less gun. In the United States, for instance, the 57-mm and 75-mm
recoilless guns ¥18 and M2C were adopted for service at the beginning
of 1945, and the development of the 105-mm gun M27 began. In Jacan
the first experimental models of the 5l-mm and 105-mm recoilless guns
were manufactured at the end of World War II. TIespite the inadequate
refinements in the derign of the recoilless guns of the war years
the use of the combined dynamic and reactive principle and of the
shaved-charge projectiie made possible the development of a light and
effective antitark weapon. Therefore recoilless guns underwent fur-
ther development in many armies of the world in the postwar years.

Modern reccilless guns are in service in infantry, motorized-
infantry arnd airborne podrazdeleniya. They are irtended for the de-
struction of armored targets, the neutralization o«nd annihilation of
enemy personnel and fire weapons, and direct fire on the aembrasures of
earth-and-timber pillboxes. Shaped-charge projectiles (mortar shells)
are fired at armored targets, and fragmentation or high-explosive
fragmentatinn shells at personnel and fire weapons.

Calibers of modern recoilless guns are from 57 to 120 mm; weight
in firing position 50-310 kg; armor-piercing ability uv to 400 mm on
the normal; point-blank range against tanks 400-800 m; and effective
range of fire up to> 1000-1500 m.

Recoilless guns are single- and multibarreled, towed, self-pro-
pelled and trarsportable in the body of a motor vehicle.

At present there are several versions of recoilless guns, difier-
ing fror each other in design and external appearance.

The simplest type of recoilless gun is the widespread manual
antitank grenade launcher. The barrel of the grenads launcher is a
smooth-walled tube open at both ends. The sight and trigger-and-riring
tiechanism are mounted on “he barrel. A shaped-charge or fragmentation
~ortar shell (grenade) is inserted in the barrel from the muzzle end.
The weapon is fired from the shoulder or resting on a bipod, breast-
work of a trench etc.

Apiitank grenade launchers are considered one of the most power-
ful cleze-cembat weapcns. However, this still does not suffice for
modern antitank defense. Grenade launchers are supplemented by anti-
tunk weapons wath a grzater range of action -- recoilless guns.

Figure 60 shows the general construction of the modern recoil-
less gun. The barrel is smoothbore or rifled. At its breech end is
located the breechblock with one or more nozzle ports, A replaceable
adjusting ring is inserted in the breechblock. Recoillessness of the
barrel is practically completely provided by the selection of the size
and shape of the nozzle adjusting ring, the size of the powdsr charge,
welght of the proj <“ile and strength of the sabot. The gun is loaded
from the breech.

In firing from rifled recoilless guns the ovrojectile is rotation-
stabilized in tlight. Nozzle ports are placed at a certain inclination,
which creates a tangential component of the reaction force in the direc-
tion of the prujectile's rotation, and that prevents spinning o the
barrel. In some designs, in order to reduce the time and effort of
engraving the rotatirg band of the projectile into the grooves of the
barrel and in order to raise the wificiency of the charge, grooves are
made on the rotating band of the projectile. However, this creates
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certain inconveniences in loading: it is hard to bring the projections
of the band of the projectile into coincidence with the grooves ol the
barrel. As a result, loading time increases and the rate of fire de--
creases.

Figure 60. Construction of recoilless gun:

1) barrel; 2) sight; 3) protective shield; 4) noze

zle; S) breechblock; 6) wheeled running gear (in

firing pesition); 7) mounting (triped) with lay-
ing mechanisms.

To fire from smocthbore recoilless guns, mortar shells are used,
which are fin-stabilized in flight.

A distinction is drawn between recoilless guns with case loading
and those with caseless loading. A characteristic feature of the shell
case is the numerous holes in its body and sabot for the escape of pow-
der gases. Thersfore, such a case is said to be perforated. Lest the
powder run out, the holes in the case are closed with a thin film, and
those in the sabot by a special forcing disk made of thick cardboard or
plastic. The main function of the disk is to create a certain closed
space during the first moment of firing. This assures ballistic stabil-
i1ty and sounder use of the powder charge.

The derforated shell case reduces the discharge of powder parti-
cles through the nozzle and conduces to a certain rise in the charge
utilization factor.

The charge is ignited by a primer cup or by means of electric
igniters. In recoilless guns with a central nogtle the orimer cup is
not placed at the rear, as in rounds for conventional guns, but at
the side.

In caseless loading the powder charge is placed on the long
tube of the mortar sheil stabilizer. Short nozzle ports permit the
use of central instead of lateral ignition. Central and simultaneous
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ignition of "2 entire charge assures the stability of its combustion
at relativeiy .ow powder-gas pressures under normal, low, and high
temperature conditions.

At present, improvement of the design of recoilless guns contin-
ues abroad. Above all, designers are attempiing to raise the rate of
fire. There have been attempts to design semiautomatic guns and guns
without breechblocks. Recolllessness is achieved in different ways
with these experimental models. In the former, the energy of the pow-
der gases was used to unlock the breechblock and eject spent shell
cases; in the latter (case and caseless loading) the diameter of the
critical nozzle cross section after loading was found to be somewhat
less than the diameter of the barrel. For this reason the nczzle was
made up of spring-mounted sectors, which traveled in diametric and
longitudinal directions. During loading, as the projectiles (in this
case, finned) passed into the powder chamber, it shifted the sectors
forward with its ogive, increasing the nozzle dlameter. After loading,
the sectors under the action of the springs reduced ths diameter of
the critical nozzle cross section to the necessary size.

It is thought that such design does not provide stable ballis-
tic characteristics or, hence, a sufficlently close pattern of shoot-
ing since nozzle diameter can vary during firing (dirt, powder parti-
cles, scale, and grease get in between sectcrs and the inside nozzle
surface).

In scme designs of recoilless guns the shell case is immobilized
during firing by means of check stoppers which, under the influence of
the vowder gases, enter the grooves of the base of the case, or by using
a fluted shell case wnich, under the influence of the powder gases,
presses against the fluted inside surface of the barrel. When the gas
oressure drops, the shell case is released and ejected to the rear.

A fairly large variance in the muzzle velocities of recoilless
guns impairs the accuracy of fire. This is due to the fact that from
round to round the amount of powder burned and discharged through the
nozzle varies. To prevent the discharge of unburned powder particles
througa the nozzle, there have been developed, for example, pre-nozzle
chambers with grates, or special "pockets® in the rear and of the barrel.
In some gun designs, in order to improve ballistic characteristics, re-
placeable brasses are used during firing under varying temperature cone
ditions., However, replacement of the brasses under combat conditions
takes a great deal of time.

Recoilless guns are sometimes called (and not without reason)
*powder eaters.” Therefore designers strive to ralse the efficiency
of the powder charge, i.e. create conditions under which the greatest
part of the charge will be used for imparting motion to the projectile
and the least part for creating tine reaction force which eliminates re-
cnil during firing. One of the technical solutions is simuitaneously
to "fire" a projectile forwards and some massive (inertial) body back-
wards from the recoilless gun.

A body tlying backwards at high speed may inflict injury on
friendly trocps. Therefore, in some designs this body is a pressed
powderlike substance with great svecific gravity. In order for it to
disintegrate completely during firing, a sharp jump in the pressure of
the rowder gases in created in the powder chamber. At first the pow-
der gases partially escape into the bore through special openings (in
front of the projectile). As soon as the projectile begins to move for-
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ward and these openings are covered over by the shell body, the powder-
gas pressure sharply increases, the inertial body disintegrates and

its residues are discharged to the rear. Aithough such a design gives
a ccnstant muzzle velocity, it does not assure ccmplete recoillessness
of the gun since the beginning of the projectile's motion does not co-
incide with the beginning of the escape of the powder gases through
the nozzle.

Fire positions for recoilless guns also have their specific pe-
culiarities. At the moment of firing jer gases, individual particles
of unburned powder and recidues of the disintegrated forcing disk fly
out from the breech end of the barrel, and a danger zone up to 25-50 m
deep and up to 20 m wide is created behind the gun. Therefore, ccn-
cealed routes of approach for ammunition supoly are located to the right
and left of the gun, rather than behind. In the langer zone there must
be no ammunition or readily inflammable objects (for example, hay,
straw etc.), and there must be no vertical walls within 5-7 m behind
the gun. The distance between adjacent recoilless guns is so selected
th=t, whatever the angles of deflection, within their assigned sector
of fire gun crews are rot caught in the danger zone of adjacent guns.

Intensive firing from recoilless guns increases the crew's
fatiguability. For ear protection special helmets are employed.

Various technical solutions have been suggested and tried out
in order to reduce the “anger zone behind a recoilless gun. For exam-
rle, in England a design of a reccilless gun was developed at the be-
ginning of the 1960's, the basic advantage of which was believed by

ts authors to be the almcst total absence of a danger zone. The bal-
last scheme of the piece envisaged twc barrels, vith dynamic balancing
achieved here by "countershooting® frcm the rear barrel, which was
placed at an angle to the forward (combat) barrel. A special spade
absorbed the force of the racoil resulting from the oblicue position-
ing of the forward and rear barrel. The ballast fired from the rear
barrel was lead shot enclosed in a jacket. The jacket opened up be-
hind the gun at an altitude of 15-20 m and descended to earth with the
help of a miniature parachute.

At present, recoilless guns are in service in the antitank ar-
tillery of aimost all the armies of the world. For example, in the
United States, West Germany, Canada, I-aly and other NATC countries
they are the 106-mm recoillecs puns of American make, in England the
120-mm, in France the 75-mm, and in Sweden tne 90-mm. The 97, 75 and
105-mm recoilless guns, dropped from service in the American army,
have been passed on to the armies of the many countries receiving mili-
tary assistance from the United States.

Modern recoilless guns, with rare excection, are not classed
among towed systems. They are self-propelled or are transportable in
the body of a motor vehicle (armored carrier).

The need to have in service compact, light and mobile antitank
weaoons, suitable for operatiors in infantry bzttle formations, ha:c led
to the creation in the armies of the capitalist states of a whole se-
ries of self-propelled mounts equipped with recoilless guns. The
changeover to self-vrovelled recoilless guns was also occasioned by the
fact that with the increa.» in caliber and power, the weight of the bar-
rel of a plece naturally rises too, which in turn causes a corresponding
growth in the weight of tne carriage -- the welght cf the carriage ap-
preciably increasing with the increase in the sreeds of transport, If
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we take into consideration that it is practically impossible to limit
the towing speed of gurs, under xmodern conditions relatively great
weights of gun carriages must be anticipated. As a result the weight
of a recollless gun on a wheeled carriage becomes so great that the
piece can o lenger be regarded as light and maneuverable for a three-
or fcur-man crew. Thus, the basic advantage of ths recoilless gun as
an infantry direct-support fire system is quickly lost with an in-
crease in caliber and power. However, when recoilless guns are mounted
on vehicles, the limits of the practical power and calibers of recoil-
less guns expand significantly. At the same time, in most cases the
possibility is provided of delivoﬂ.n? fire both from the vehicle and
from the lightest possible mounting (of the tripod type), on which the
gun is mounted for ground fire,

Basic performance data of some recoilless guns of the armies of
the capitalist countries are presented in Table 13.

Table 13

BASIC PERFORMANCE DATA OF S’ ME RECOILLESS GUNS OF
ARMIES OF CAPITALIST COUNTRIES
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Keys:
A, Gun model
1. U.S.

2, 57-mm recoilless gun M8

3. 75-mm recoilless gun M20

b, 105-mm recoilless gun M27

5. 106-mm recoilless gun MUOAL

6. 106-mm six-barreled self-propelled mounting-tank de-
stroyer M50 *Ontos"
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7. England
8. 120-mm recoilless gun *Bat"

9. 123-mm reccilless gun *Mobat"
10, 120.mm recoilless gun *Wombat®
11. Prance
12, 75-mm recoilless gun M50

B. Weisht of projectile, kg

C. Muzzle velocity, m/sec

D. Range of effective fire, m
2-6, 8-10, 12, Upto . . .

E. Weight in firing position, kg

Let us consider a few models of modern recoilless guns.

The American 106-mm recoilless gun M4OAl has a rifled barrel
with screw-type breechblock. Four nozzles are made in the breechblock
for the escape of ~owder gases to the rear., The barrel is connected to
a tripod mount by rapid-action coupling. Weight of the piece in firing
position: 216 kg.

Fire is delivered from the plece at firing elevations from -17
to + 95°; maximum traverse: 360°,

The 106-mm MiOALl recoilless gun is aquipped with a 12.7-ms spot-
ting gun, which is above and parallel to the gun barrel. Before opening
fire on a target from the piece, the gun is registered by tracer bullets
from the spotting gun. When the spotting gun hits the target, a round
is fired from the piece and simultaneously a burst of tracer-bullet
fire. In the opinion of foreign specialists, this procedure of fire
delivery significantly shortens the time required for laying the gun,
increases the probability of hitting the target with the first round,
and avolds premature disclosure of the gun. The trajectory of a bullet
coincides with the trajectory of a projectile at low elevations, and
rounds from the spotting gun and the piece are fired by tho same lever.

For direct laying fire an elbow telescopic sight is used, and
for indirect laying fire a panoramic sight. The unit of fire of the
plece consists of fixed rounds with a steel perforated case and non-
rotating finned shaped-charge projectile weighing 7.9 kg with muzzle
velocity of 500 m/sec. The gun also fires rotating high-explosive
fragmentation and smoke projectiles.

The gun crew consists of three men (oun commander, gun-layer and
loader), but one gunner can service it.

The 106-mm MUOAL recoilless gun is transportable in the body of
a prime mover, and there also exists a self-propelled version mounted
on a quarter-ton motor vehicle cr armored carrier. In the latter case
the gun can deliver all-round fire directly from the motor vehicle
without changing its position, If necessary, the gun is removed from
the motor vehicle for ground firing.

Recently the MUOAl gun was adopted for service in the Bundeswehr.




P

Loy

J-9750 168

The 106-mm self-propelled mount-tank destroyer M5S0 "Ontos® is
in service in the U.S. Marine Corps as an antitank weapon. In the
execution of landing operations the mount must come ashore with the
first marine echelons and, after a base of operations is taken by the
landing force, repel the attack of enemy tanks.

Six 106-mn M40Al recoilless guns with four 12.7-mm spotting guns
and one 7.62-mm machinegun are accommodated on top a traddaying vehi-
cle, The guns are mounted three on the right and three cn the left on
a special bracket attached to the turret of the vehicle. The laying
mechanisms of the gun mount are equipped with manual drives, Eleva-
tions from -10 to + 20°; maximum traverse 80°.

Fire is delivered by one or two guns or by a volley simultaneous-
ly from all six guns. For ground firing it is permissible to remove two
guns from the self-propelled mount., Reloading of the guns is accomp-
lished under cover,

The basic load of ammunition of the Ontos M50 self-propelled
mount is 18 rounds for the six guns, 80 cartridges for the four 12.7-
mm spotting guns and 1000 cartridges for the 7,62-mm machinegun.

In comparing the advantages and disadvantages of recoilless guns,
foreign military specialists rate highly the great mobility of self=
propelled mounts, which makes it possible to provide powerful surprise
and accurate fire at the most crucial moments of battle and constant
readiness to open fire since the plece, combat crew and the specified
amount of ammunition are always together.

In foreign armies the following basic trends have been distin-
guished in the further development -f recoilless guns: increase in
power by an increase in gun caliber (57 mm in 1945 and 106-120 mm now-
adays); increase in point-blank range and of errsctive range of fire
against tanks to 1500-2000 m; increase in armor-piercing capability
through the use of nonrotating shaped-charge projectiles and the em-
ployment of copper hollow cones (from 70 mm according to 1945 norms
to 300-400 nm at present); wide use of high-strength steels and light
alloys for the purpose of maximum gun weight reduction; increase in
the maneuverability of guns by mounting them on wheeled or tracklaying
chassis of increased cross-country ability.

The relatively low pressures of the powder gases in recoilless
guns creates the prerequisites for a further reduction in the weight of
barrels. ln the United States, for example, preparatory work recently
began on the production of barrels for recollless guns made of plastic
materials in combination with fiberglass.,

2, Mortar Armament

Mortars are indispensable fire weapons for infantry and tank
support and escort and for the destruction of enemy personnel and com-
bat materiel in the immediate vicinity of friendly troops.

The main combat characteristics of mortar armament are great
fire power, high rate of fire, simplicity of construction and combat
employment, constant readiness for immediate opening of fire without
special preparation, dependability and reliability of operation under
any climatic conditions in any season of the year and at any time of
day. The important merits of mortars are the great curvature of the
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flight trajectory of mcrtar shells, which permits the annibilation of
concealed targets that are invulnerable to rifle, machinegun and flat-
trajectory artillery fire, as well as the possibility of wide employ-
ment under broken and diffizult terrain conditions. Therefore, mortars
have a firm place in the armament system of modern armles of all coun-
tries.

The first mortar in the world was created in September-October
1904 by the heroic Russian defenders of Port Arthur during the Russo-
Japanese War. Since that time mortars have come a long way in combat
and have become a formidable weapon tested in two world wars. In our
day the high combat effectiveness of mortar armament has been conclu-
sively demonstrated by the able fighting men of the South Vietnamese
armed forces of national liberation in the struggle against the American
aggressors.,

The commonest mortar calibers in modern armies are 81 and 120
mm. The basic structural design of these mortars is the same: smooth
barrel -~ bipod or mounting -- base plate, muzzle loading. The Ameri-
can 106,7-mm mortars with rifled muzzle-loading barrels constitute an
exception,

120-mm caliber is the highest caliber of mortar armament in the
armies of almost all the capitalist states. Foreign military special-
ists believe that development of mortars of higher caliber than 120 mm
will become possible only on successful solution of the problem of in-
creasing the range of mortar fire to the level of howlizers of corre-
sponding calibers. The sole foreign army which has heavy mortars is
the Israeli army, which the Zoltam Company supplies with 160-mm mortars.

The basic principles of mortar construction were set forth in
Chanter IV of this book. Let us consider the performance characteris-
tics and distinctive features of the designs of some models of modern
mortar armament in foreign armies,

The American 8l-mm mortar M29 is produced in a portable version
and is disassembled for transport into three pieces: barrel 12.7 kg,
bipod-uount 14.1 kg, and base plate 21.8 kg. The mortar has a smooth
barrel and fires finned mortar shells.

Rifling is made in the outer surface of the barrel in order to
increase the cooling area during intensive firing.

The base plate consists of an inside and outside. This makes
possible all-round fire without moving the plate itself,

The maximum rate of mortar fire during the first minute is not
more than 27 rounds, and during continuous firing four rounds per min-
ute.

In firing the 8l-mm M29 mortars in South Vietnam the American
army uses high-explosive fragmentation mortar shells of both the old
and new type. The maximum range of fire with the old mortar shell is
3606 m.

The new mortar shells have special obturators, which separate
after the mortar shell leaves the barrel., They have an improved fin
dosign, which increases the grouping of shots. The wings of the
stabilizer are made of aluminum alloy and are placed at an angle of
5° to the plane of symmetry of the mortar shell. As a result, the mor-
tar shell in flight receives a certain rotatory motion.
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The new high-explosive fragmentation mortar shell weighs 4.13
kg. Nine increments make it possible to vary muzzle velocity from 64
to 264 m/sec and provide a range of fire from 75 to 4700 m.

In the French army 12G-mm rortars zre the basic regimental fire
weapon of infantry suoport. Constant attention is given to improvement
of models of this caliber. Several modifications of the 120~-mm mortars
are lmown.

The 12C-mm mortar M51 (weight of mortar shell 13 kg, range 6600
m, weight 500 kg) bas nondetachable wheeled running gear which serves
as mount., During firing the suspension of the running gear is discon-
nected and the wheels are braked.

The 120-mm mortar MS0 (weight of mortar shell 13 kg, range 7100
m, weight 80 kg) is manufactured in the main of high-strength steels,
Therefore, it is more than six times as light as tbe M51 mortar. The
range of fire is increased through the employment of rocket-assisted
mortar shells. The reactive charge switches on after the mortar shell
leaves the bore and burns for 5 sec.

The 120-mm mortar M0-120-RT-61 (weight cf shell 13 kg, ranre
6700 m, weight 434 kg) has detachable wheeled running gear with bullet-
proof tires and can be towed by a light motor vehicle on the road at
a speed up to 50 lm/hr. Firing is conducted directly from the wheeled
running gear or from a bipod. Firing elevation: from 40 to 80°;
traverse: 360°. The mortar is serviced by a six-man crew, including
the vehicle driver.

The 120-mm mortar M0-120-60 (weight of shell 13.6 kz, range
when firing conventional mortar shell 3600 m, when firing rocket-
assisted shell 6550 m, weight 91.5 kg) is similar in design to the
8l-pm mortar M0-81-61. Therefore, it takes only a few hours to re-
train crews.

When the mortar is set up in a fire position, the initial angle
of elevation is taken into consideration for firing. If it is less
than 60°, the base plate is braced in the ground.

For transport purposes the mortar is disassembled into three
basic parts (Figure 61): barrel 34 kg, bipod 24.9 kg, and base plate
32.6 kg. The light weight of the mortar permits it to be transported
in motor vehicles and on pack animals, as well as to be carried manual-
ly across country. A mortar shell is extracted from a watertight con-
tainer immediately before use. Depending on the range of fire, the
loader puts  the required number of increments (seven in all) into
the sztabilizer tube containing the base charge. The fuze of the mortar
shell can be set for instantanecus or delayed action.

Some mortars of the French army are set on armored carriers or
armored cars and they bscome self-propelled. For example, two modifi-
cations of 60-mm self-propelled mortars have been created on the basis
of the Panhard armored car. One of thece has a 60-mm mortar and two
7.62-mm machineguns with unit of fire of $3 mortar shells and 3800
cartridges, while the other has a 60-mm mortar and a 12.7-mm machine-
gun with unit of fire of 41 mertar shells and 1200 cartridges.

Basic characteristics of some mortars of American, English and
French armies are presented in Table 14,
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Figure 61. French 120-mm mortar M0-120-60:

a) construction of barrel: 1) tube of barrel; 2)

breech ring; 3) firing mechanism; 4) lower round-

ed end of mortar tube; b) bipod mount: 1) yoke

and shock absorber; 2) traversing mechanism; 3)

site for attaching sight; 4) elevating mechanism;

5) leveling mechanism; 6) bipod; 7) chain; c) base
plate.
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Table 14

BASIC PERFORMANCE CHARACTERISTICS OF SOME MORTARS
OF ARMIES OF CAPITALIST COUNTRIES
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Keys:
A, Mortar model
, 1. U.S.
E 2. 8l-mm mortar M29

3. 106.7-mm mortar M30

4, Bngland

5. 8l.5-mm mortar Mk2

6. 8l-mm mortar L1Al

7. 106,7-mm mortar Mk2

8. France

9. 60-mm mortar "Brandt"
10, 8l-mm mortar M1944/61
11, 8l-mm mortar M0-81-61C
12, 8l-mm mortar MC -Rl-61
13. 120-mm mortar M51
14, 120-mm M60
15. 120-mm mortar M0-120-RT-61
16, 120-mm mortar M0-120-60

B. Weight of mortar shell, kg
C. Range of fire, m

D. weight of mortar, kg
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In the opinion of foreign specialists, the following basic
trends are clearly distinguished in the development of wmortar armament
in recent years:

increase in the maximum effective range of mortars, specifically
through the employment of rocket-assisted mortar shells;

increase in power and effectiveness of action of mortar shells
at target and improvement in grouoing of shots;

weight reduction of mortars by virtue of the extensive introduc-
tion of titanium, aluminum and magnesium alloys and high-strength
steels;

increase in maneuverability by the development. of self-propelled
mortar mounts;

. imuvrovement of performance characteristics (reliability, accuracy
1life, simplicity and ccnvenience of servicing, safety in handling);

provision of all-round fire without repositioning the base
plate;

use of mortar barrels and ammunition in combination weapons.

3. Combination Weapons

I+ is known that every variety of artillery armament has its
valuable characteristics and, at the same time, certain shortcomings.
The question occurred to designers whether the merits of various types
of guns could not be taken while avoiding the shortcomings if possible,
Thus the idea of creating combination weavons sorang up.

Many instructive examples along this line are known in the expe-
rience of Soviet artillery armament design., Mention has already been
made above of the Soviet 152-mm gun-howitzer M1937, in which our de-
signers found the optimum combination of howitzer and gun characteris-
ties.

In foreign armies work has long besen under way on the develop-
ment of combination arms by combining designs of guns and howltzers
(for example, English weapons), mortars and howitzers, mnrtars and
heavy mortars (mortira), howitzers and recoilless guns etc. Let us
consider some models of combination weanons,

The American 115-mm combination weapcn “The Moritzer" XM70 (Fig-
ure 62) combines characteristics of the howltzer and mortar. Hence the
name "Moritzer" -- the first part of the word "mortar" and the latter
part of the word "howitzer." 1Ir the opinion of foreign specialists,
the Moritzer is a rood type of U.S, Marines weapon for combat during a
landing.

The weapon is rifled, automatic and a six-shooter. It is a
breech-loader rather than a muzzle-loader. Automatic fire is provided
by two cacsette which rotate like the cylinder of a revolver. Rate of
fire: six rounds in 2.5 sec. Bursts or single shots are fired.

The recoil mechanism consists of two hydraulic recoil brakes and
a hydropneumatic recuperator.
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Figure 62. American 115-mm combination weupon
“Moritzer" XM70

The gun mount has a top and bottom carriage, trails, bottom
plate and jack for lowering and 1ifting it, wheeled running gear with
suspension system. Firing elevations: from -6 to + 75°; traverse:
koo,

Maximum range of fire (16,000 m) is provided by a rocket-assist-
ed projectile. A conventiounal projectile weighing about 20 kg is fired
for a distance of 9000 m,

In the opinion of American specialists, the Moritzer weapon has
succeeded in preserving the basic advantages of the mortar as a power-
ful high-angle weapon and simultaneously in increasing the range of
fire. The foreign press notes that the gun is the most significant
achievement in the development of American cannon-type artillery in
the last 20 years. It is superior to all existing American 105-mm
howitzers in basic nerformance characteristics.

For ground forces the Moritzer weavon is being developed in a
self-prt))pelled version (total weight together with chassis more than
7000 kg).

The Americun 106,7-mu howitzer-mortar "Howtar® M98 is in service
in the American marines who are interested in a light but effective
direct-support weapon combining the advantages uf the mountain howitzer
with the ascuracy of fire and mobility of the mortar. Its design is
based on the barrel of the 106,7-mm mortar set on the improved carriage
of the 75-mm mountain howitzex.

The name "Howtar® is compcurded tr»m the first part of the word
“howitzer® and the latter part of the word "mortar."

Favorable characteristics of this combination weapon, in the
opinion of foreign specialists, are: large caliber and adequate effec-
tiveness of fire (weight of projectile 11,8 kg instead of €,6 kg for
the 75-mm howitzer, weight of explosive 3.6 kg and 0.68 kg respective-
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1y): light total weiglt (585 kg); transportable by air, on vehicles and
pack animals, and manually for short distances. The maximum range of
fire 5400 m is the same as for the 106,7-mm mortar, from vhich the bar-
rel and ammunition are borrowed.

In 1969 the United States developed an experimental model 105-mm
combination gun XM 193 consisting of a rifled barrel similar to the
barrel of the towed 105-mm howitzer M102, a round base plate of the mor-
tar type, and a two-wheeled carriage. This weapon can deliver high-
angle fire for howitzer ranges with dispersion characteristics close to
corresponding howitzer characteristics. The weight of the system is
approximately one-third that of the M102 105-mm howitzer. It will be
towed by a quarter-ton motor vehicle or lifted by helicopter.

It is noted that the new experime.tal model for the time being is
utilized to test, evaluate and confirm the soundness of ideas for the
design of a direct-supnort weapon for the troops.

The new American "Sheridan® light reconnaissance tank employs
yet another variety of combination weapon, A short-barreled 152-mm
gun-launcher is mcunted in the rotatirg turret of the tank, It can
fire conventional 152-mm shaped-charge projectiles at armored targets
at short range. The barrel serves simultaneously as a luncuer for
tiring the "Shillelagh" antitank guided missile,.

The examples cited do nct exhaust the possibilities for the
creation of combination waapuns.,

4, Field Rocket Artillery

On 14 July 1941 at 1515 hours the first battery of field rocket
artillery in the world, under Captain I, A. Frelov, struck a powerful
artillery blow acainst the railwzy junction in the city of Orsha in
Belorussia., In several seconds about a hundred rocket projectiles fell
on the Fascist echelons with their troovs, equipment, ammunition, and
fuel concentrated at the station. Hundreds of Hitlerite soldiers and
officers met their death in this tormado of fire.

Such was the bantism of fire of the new Soviet weapon -- the
famous guards' mortars fondly called "Katyushas.”

The development of rocket armament was a great achievement of
Soviet scientific and design thinking, It was preceded by years of
persistent work by Soviet scieutists and designers. They carefully
studied and fully utilized the experience accumulated by Russian sci-
entists and practitioners of rocketry in the past.

The great Russian scientist K. E. Tsiolkovskiy made an invalu-
able contribution to the development of the theory of rockets and re-
action propulsion., At the very dawn of the Soviet regime during the
difficult years at the beginning of ‘he reconstruction of the nationcl
economy the Communist Party and the Government gave much attention to
the development of rocketry. A striking proof of this is the Soviet
Government's decree of 9 November 1921 creating conditions for K. E.
Tsiolkovskiy to work on rockets.

The work of K, E, Tsiolkcvskiy ant other scientists, as well as
the success achieved by cur country in tie development of science and
technologzy opened up wide possibilities for the expansion of further
research on the creation of rocket armament.
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Why was the question of the development of rocket artillery
raised with such urgency in the very first years of Soviet power?
First, the experience of conducting large-scale maneuver operations
during the civil war and the ever increasing rate of troop motorization
necessitated a sharp rise in the maneuverability of artiliery. Second,
the reaction engine in principie made it possible to eliminate the
effect of recoil dvring firing and therefore to get rid of cumbersome
carriages and barrels m2de of expensive and scarce steel, Finally,
the simplicity of ccnstruction and the light weight of rocket-projec-
tile launchers enabled :hem to be mounted on motor vehicles, tanks,
aircraft and ships,

At first there were many difficulties. The yrung Soviet state
had of course received neither industrial base nor scientific centers
for rocket armament design from Tsarist Russia. Substantizlly all
questions regarding the design, production and employment of rocket
armament had to be solved by our scientists and dzsigners anew,

Extensive theoretical and experimental investigations and in-
tensive creative work ylelded the first oractical results: in 1927
the first 82.mm rocket projectile in the world was developed, and
later the 132-mm projectile.

In 1938 Soviet designers put forward the fundamentally new idea
of creating a multiple launcher for conducting salvo fire. Much labor
was irvested in the development of launching guide design and uethods of
igniting rocket cha-ges.

The design of rocket projectiles changed too. They already
differead significantly from their aircraft predecessors, having a
censidersbly neavier weight of explosive and an increased maximun ef-
fective range,

The lanncher for firing salvos of the new rockei projectiles
was original in construction, simple and convenient., It consisted of
guides of the rail type united into a single package by side members,

a barbette carriage, and elevating and traversing mechanisms, Before
firing, projectiles were fastened to the launching rails. The launch-
er was pcinted at the target with the nelp of the sight, elevating and
traversing mechanisms. The salvo was fired by closing an electric cir-
cuit by means of an instrument in the driver's cab.

In June 1939 a multiple launcher, which subsequently received
the desipnation BM-13, successfully passed proving ground tests. By
the beginring of 1941 plants had manufactured 11 combat launchers set
on the chassis of three-axled movtor vehicles. During tests with the
tro- > they showed their good combat characteristics: the necessary
mobtilit7; maneuverability; capability of creating massed salve fire
for several seconds. The range of fire of projectiles was brcught
ur to 8500 m,

In February 1941 the Soviet Government adopted a decision re-
garding the ractcry production of the BM-13 launchers, which had 24
launching rails, and later of the new launchers designated BM-8,

In June 1941 the rocket launchers received a high evaluation
frem party and covernment leaders. On 21 June 1341, the day before
Fageist Germany's attack cn the Soviet Union, a desision was made
to develoy field rocket artillery in every way possible and imme-
iately to establish series production both of rocket projectiles and
the combat vehicles for launching them.
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Soviet scientists and designers were the first in the world to
create multirle salvo rocket launchers pcasessing high maneuverability.
The thunder of the bursting shells of Caotain I. A. Flerov's battery
at the beginning of the Great Patriotic war announced that a formidable
force -- rocket artillery -- had made its appearance on battlefields.

Soviet industry auickly ironed cut the production of rocket pro-
jectiles and launchers. One after another rocket artillery chastl went
to the front. In November 1941 already about 45 Katyusha divisions
were operating on the front. Rocket artillery chasti were awarded the
title of guards' chasti. This emphasized their special significance
and the axceptionally high responsibility of perscnnel for keeping the
new weapor: a military secret. For the Hitlerites made desperate at-
tempts to capture, or at least destroy, the "hellish meat grinders,”
as they called the "Katyushas."”

The BM-13 and BM-8 rocket systems from the very first days of
the war meritedly gained the renown of a powerful weapon and played a
great role in the "fire budget"™ of our artillery since they possessed
good mobility and the capability of making surprise fire assaults on
the eneuy and had a strung demoralizing effect.

In their performance characteristics Soviet multiple salvo
rocket launchers far excelled the rocket artillery models which ap-
peared abroad during and after tr.e war. For example, German launchers,
mounted on field carriages, were comparatively heavy and less conven-
ient in combat. The effectiveness of the fire of the German six-bar-
reled mortar was half that of the Soviet BM-13 rocket launcher. The
Germans themselves were compelled to recognize that trziler launchers
were far inferior tc Soviet self-provelled rocket launchers, especially
in maneuverability and magnitude of salvo.

In the United States field rocket artillery began to develop
from 1942 on. During World War I1I the American army had in service
114,3-mm and 182-mm rocket systems, which ir their coabat character-
istics were inferior to Soviet models.

In the postwar period field rocket artillery became popular

in many foreign armies. There are salvo rocket systems in the United
States (114,3-mm, 115-rm), England (11%.3-rm, 127/76-mm), France (150-
mm), Italy (100-mm), Switzerland (80-mm, 80/100-mm) and other countries.
They are designed for firing chemical, high-exolosive fragmentation,
high-explosive, shaped-charge and smoke projectiles for distances up

to 8-15 km. Launching devices ar.. set on motor vehicles, armored car-
riers, and iwo-wheeled mounts or are themselves launching carriages.

In their construction rccket artillery launchers differ essen-
tially from the customary designs of artillery weapons or mortars
although they have a number of assemblies and components in commcn.

Modern self-propelled rocket launchers consist of artillery
parts and running gear.

The artillery parts include a eluster of a certain number of
barrels, a barbette carriage, pedestal, elevating and traversing mech-
anisms, eauilibrator, electric eguipment, sighting mechanisms, and
special eguipment for the running gear.

The running gear is the chassis of an army cross-country vehicle.
A1)l basic components and assemblies of artillery parts are mounted on
side members of the chasis.
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The barrels are designed to guide the flight of a rocket projec-
tile. They are arranged in several rows parallel to each other.

The cluster of barrels is attached to a barbette carrlage and
can move in the vertical plane, i.e. it is the tipping unit of the
launcher.

The barbette carriage serves for movement of the cluster of bar-
rels in the horizontal plane. On it are located the elevating and
traversing mechanisms and equilibrator, as well as the sight. The bar-
bette carriage is mounted on a pedestal and is the rotating unit of the
launcher,

The pedestal is the support for the rotating unit and is attach-
ed to the nderframe, which is securely connected to the side members
of the chassis,

The laying mechanisms are practically no different from the cor-
responding mechanisms of artillery pieces.

The electric equipment is intended to ignite the powder charge
of rocket projectiles. It consists of storage batteries, firing appa-
ratus, portable coil and cables. Electric current is fed from storage
batteries to the firing apparatus mounted in the cab of the vehicle,
and thence via cables to the barrel contacts. The current goes hence
to the shell-igniter contact. The portable coil is used during firing
frem cover tens of meters away from the launcher.

The sighting mechanisms include the sight, panoramic telescope
and a group of sockets.

The special equipment of the running gear of the launcher con-
sists of protection for the cab, protection for the gas tank, lifting
Jacks, and protecticn for the rubber tires of the wheels. Cab protec-
tion (easily removal metal shields) keeps the cab and crew inside it
safe from the dangerous effect of the gas jet during firing. If the
side windows of the cab are not covered Ly shields, they are raised
during firing,

The 1liftine jacks assure statility of the launcher during firing
and take the load off the springs of the rear axle assembly of the chas-
sis. Launchers are leveled on uneven terrasn by means of Jacks.

Launcher designs provide for locking devices tc secure rocket
projectiles in the barrels during traveling and to create the neces-
sary forcing effort which enables projectiles to leave the barrels
at a specified descent velocity and decreases their scatter in trajec-
tory.

Let us consider some models of modern launchers of foreign
armies,

The Swiss 8l-mm 10-barreled launcher "Leska," developed by
the Hispano-Suiza Company, has a split-trail carriage and is towed
(Figure 63). Maximum range of fire: 10,000 m; weight of rocket pro-
Jectile: 11.2 kg,

The 20-barreled self-propelled launcher "Leonsin," designed to
use the same 8l-rm rocket projectiles, was developed in Switzerland
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using the chassis of a "Mowag" motor vehicle. There is also a twin
automatic 8l-mm launcher using the same chassis.

Figure 63. Swiss 8l-mm 10-barreled launcher “leska.”

In the United States the 114.3-mm 25-barreled launcher M21 has
been reolaced by the new 115-mm 45-barreled launcher MSl. Its unit of
fire has only toxic projectiles. According to American data, the M9l
multiple launcher is a chemical offensive weapon. Therefore a low
grouping of shots is even deemed desirable when a weapon of this kind
is used over large areas.

The cluster of 45 barrels is mounted on a wheeled carriage
(towed version) or on a 2,5-ton motor vehicle (self-propelled version).
‘Nine barrels form a section. The five sections are placed one on the
other and secured to special clamps of the top carriage of the launch-
er. By means of tae elevating mechanism the cluster of barrels is
given angles of elevation ur to 60°. The traversing mechanism makes
possible laying for direction * 10°, Range of fire of the launcher:
9600 m, The 115-mm rocket projectile has a folding stabilizer, which
automatically opens up when the projectile leaves the barrel, Full
loading of the launcher takes 20 minutes. All 45 projectiles can be
discharged in a 20-second salvo.

Transport ccntainers made completely of plastic have been devel-
oped for 1l5-mr projectiles,

Intensive development of multiple salvo launchers has been under
way in West Germany in recent years.

The West German 110-mm 36-barreled self-propelled launcher has
been developed in two variants, viz, with one cluster of 36 barrels,
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and with two clusters each of 18 barrels. The latter variant is alsn
equipped with an antiaircraft machinegun, A seven-ton cross-country
éx6 wheeled (six wheels, all driving wheels) army vehicle is used for
the chassis. The cab has light armor plating and hinged metal shields
to protect the windows from the gas jets of projectiles.

The cluster of barrels is mounted on a turntable providing maxi-
mum traverse of 100°. Firing elevation: 50°, Fire can be delivered
in salvos, semisalvos and single shots. A corolete salvo is fired in
18 seconds.

Welght of rocket projectile: 136.7 kg. Range of fire: 15,000
m. Weight of entire system: 15 tons, Crew: three men (commander,
gun-layer and driver).

Under the pro-ram for strengthening the fire power of the Sundes-
wehr two types of 110-mm rocket projectiles have been developed: "Lar"
(1ight artillery rockets) and "Mar" (medium artillery rockets). They
are equipped with high-explosive fragmentation, smoke or incendiary
warheads.

Work is under way in West Germany to increase the maximum effec-
tive ranre of salvo rocket systems to 16-20 km. It is noted thst the
J6-barreled self-propelled launcher here described (Figure 64) signifi-
cantly raises the fire power of organic artillery during znne fire. It
serves to complement the existing models of tube artillery and, above
all, the 155-mm self-oropelled howitzer ML09, which is in service in
the West German army.

Figure 64, West German 110~-mm 36-barreled self-
propelled launcher.

Basic performance data of some models of the field rocket ar=
tillery of the armies of cavitalist countries are presented in Table
15-

The American army is at opresent working on the development of a
new "Mars” multiple rocket system with a 30-40 km range of fire. It

1s intended for shelling large concentrations of troops and tank ord-
nance.
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Table 15

BASIC PERFORMANCE DATA OF SCME MCDELS OF FIELD ROCKET
ARTILLERY OF ARMIES OF CAPITALIST COUNTRIES
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Keys:
A. Launcher model

1. U.S,

2. 114,3-mm 25-barreled towed launcher M21

3., 115-mm L4y-barreled towed launcher M9l

L, West Germany

5. 110-mm 15-barreled towed launcher "Larak"
6. 110-mm 36-barreled self-propelled launcher
7. Switzerland

8. B8l-mm 10-barreled towed launcher "Leska"

B. Weight of projeciile, kg
C. Maximum range of fire, m

D, Welght in traveling position, tons

In the opinion of American military specialists, the antici-
pated advantages of the Mars rocket system over conventioral artillery
lie not in accuracy or range of fire, but in increased efficacy of
operation against personnel targets, which is achieved by the large
number of shells falling on targefs in a very short pericd of time,
Conventional artillery will reauire ranid-fire pieces by the tens
for this. In addition, significant material outlay for the concen-
tration of artillery is involved.

It is assumed that the Mars launching system will have a cluster
of rail guides for three or six rocket projectiles. Laying the cluster
for elevation and range will make it possible to pive the launched pro-
jectile the necessary trajectory.
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However, to hit a target accurately, projectiles need correction
in the final phase of trajectcry. For this purpose a stabilization and
controi system is envisaged which will assure projectile stability
against yawing and pitching. Rotation of the projectile around the
longitudinal axis (careening) is limited by fins.

The plan is to supply the Mars rocket projectiles with warheads
of the cluster type equivped with "baby bomds.”

Forcign specialists call attention to the following basic trends
in the further development of field rocket artillery:

increase in the cluster of barrels (launching rails) in order to
increase salvo effectiveness:;

decrease in the size and weight of launchers through the em-
ployment of rocket projectiles with folding (prior to firing) and un-
folding (during flight) fins;

extensive introduction of aluwminum alloys and plastics for the
manufacture of barrels;

provision of all-round fire;
increase in maneuverability through the development of launch-

ers which can be conveyed by all kinds of transport, including air
transport.

T
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Capter VIII
E SPECIAL TYPES COF ARTILVLERY

1, Field Antiaircraft Artillery

The transition of military aviation to jet engines in the post-
var period led to a sharp increase in aircraft flight speeds. Antiair-
craft artillery, however, remained essontially at the technical level
of the World War II period, The rate of fire of antlaircrafi guns was
clearly inadequate, and the lack of improved radar fire control systems
substantially diminished the combat effectiveness of antiaircraft artil-
lery. Therefore, the view firmly hardened in the armies of a number of
capitalist states, particularly America, that antiaircraft artillery had
lost its importance as an active means of air defense. In the United
States, for example, the production of antiaircraft guns was sharply
curtailed and by the beginning of the 1960°'s was halted altogether.

The mission of combating aerial targets was assigned wholly to antiair-
craft guided missiles,

Such extreme views of the role of antiaircraft artillery did not
find unqualified support in all foreign armles. For example, the Eng-
lish. West German, Swedish, Swiss and other armies continued to keep
cannon-type antiaircraft weapons in service,

The experience of the war in Vietnam has shown that under
present-day conditions antiaircraft artillery is a very effective means
of destroying aircraft at low altitudes. Therefore foreign arries have
expanded on a large scale experimantal design work aiming at the crea-
5 tion of new models of cannon-type antiaircraft artillery.

Foreign military specialists believe that land forces equipped
with modern varied-purpose armament systems can function effectively
only 1f they, their fire weapons and movements are safely protected
against enemy air attack. Simultaneously with coverage of troop forma-
tions in the front lines, an air defense system assures protection of
operational and strategic targets in the rear area since even one plane
breaking through the air defense system of the main line of resistance
may turn out to be the carrier of a nuclear weapon,

In the organization of forward area air defense for NATO armies
serious attention is given to t*-.ly detwction of the air enemy and
alerting of troops. Reconnaissance radar is detailsd for this purpose.
The airspace which is not scznned by radar is monitored by air observa-
tion posts equipped with optical facilities. Data cn enemy planes and
belicopters are transmitted to the command post, where the air situa-
tion is analyzed and a decision made regerding the issuance of a tar-
get assignment to active air defense means.

It is believed that small-calioer (20-40 mm) antiaircraft artile
lery guns should be used to protect troops and important installations
from low-altitude air attacks since the combat effectiveness of mediume
and large-caliber antiaircraft artillery against low-flying air targets
is very slight. However, it is disadvantageous and irrational to use
artillery to destroy high-altitude targets (over 3000 m) since ammuni-
tion consumption 1s very high.

Modern small~caliber antiaircraft guns differ from models of anti-
alrcraft artillery at the end of the Forties in higher rate of fire and
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accuracy, increased a‘ming speed, and the transition to self-propelled
chassis with a greater cruising range and better cross-country ability.
The bigh rate of fire assures a high density cf fire,

Whereas by the end of World War II the rate of fire of 20- to
JO-mu antiaireraft guns had reached 80-250 and sometimes 480 rounds a
minute, the rate of fire of antiaircraft guns of the same calibers is
now up to 1000 rounds a minuts per barrel. Foreign specialists assert
that even a higher rate of fire can be attained if artificial cooling
of barrels is employed so as to prevent their heing overheated and
becaming unserviceable,

Another way to increase the density of antiaircraft artillery
fire is to create multibarreled -- twin, triple, quadruple and sex-
tuple -- antiaircraft mounts.

Varicus methods are used in the attempt to increase the accuracy
of antiaircraft artillery fire: selecting the optimum caliber of weapon
and increasing the number of barrels per mount; using antiaireraft pro-
Jectiles with effective proximity fuzes; employing special instruments
for the precise determination and recording of variations in the ini-
tial velocity of projectiles; improving the antiaircraft fire control
systenm,

The high flight velocities of modern aircraft at low altitudes
recuire a sizeable increase in the siming speed of antiaircraft gunms.
This parameter has reached 90 deg/sec in some foreign models of the last
few years, i.e, it has grown significantly in comparison with the World
War II period.

Tre general trend towards increased trnso maneuverability in
modern: operations has extended to all antialrcraft defense weapons.,
particularly antiaircraft artillery. Self-propeiled antiaircraft ar-
tillery mounts now move at speeds up to £0-62 km/hr for distances up
to 400 lm without refueling under a specific ioad of 0.6-0,7 kg/sq cm.

Tanks and armored carriers are additionally armed with small-
caliber antiaircraft guns for protecti>» against air attacks., This
functicn was previously performed by large-caliber machineguns,

However, foreign military gpecialists note that sincs the ap-
pearance uf armed nelicopters which have guided antitank missiles and
unguided rocket projectiles on hoard tnere has-been a considerable in-
creasns in the direct threat tc tanks, armored carriers and sslf-pro-
pelled field artillsry. Therafore, 12.7-mm antiaireraft machineguns
should be left for the present to protect armored and machanized troops
against the attack of both armed helicopters and fighter-bombers op-
erating at low altitudes.

Radar antiaircraft fire control systems assure terget detection
and automatie tracking, as well as the preparation of all initial fire
Gata. This sharpoly increases the effectiveness of antiaircraft fire.

Modern antiaircraft guns are automatic. #11 reloading and firing
operations (opening the breechblock, extracting the cartridge .ase from
the chamber, cocking the breechblock, feeding the next round to the rame-
ming line, ojecting the cartridge case from the breech screw extractors,
chambering the cartridge, closing the breechblock and releasing the fir-
ing pin) are performed automatically through recoil energy or the enurgy
of powdor gases specially drawn off from the bore for this purpose.




J-9750 185

Automatic guns, unlike semlautomatic guns, have several addi-
tional mechanisms: rammers, feeders, automatic release mechanisms etc.
We distinguish between horizontal, vertical and drum feed, depending on
the direction in which the cartridges move during feeding. Feeds are
divided into belt feeds (solid or link), magazine feeds (box or drum)
ano clip feeds according to the method whereby cartridges are united
into groups which move as a single whole when the mechanisms of the
avtomatic gun are in overation.

Antiaireraft guns can conduct avtomatic fire in short or long
bursts, as well as in single snots. A restriction on the delivery of
continuous fire at different rates of fire is the degree of barrel heat-
ing. Usually continuous fire is conducted until the heating tempera-
ture of the muzzle end of the barrel reaches 400° C. To resume fire
the barrel is cooled in various ways, for example, by means of a cocl-
ing device,

An automatic antiaircraft gun generally includes tne following:
barrel with muzzle brake and counterrecoil mechanism, breechblock and
clamping collar for the barrel with an accelerator and tightener, maga-
zine, cradle with mechanisms, hydraulic buffer, ramming mechanism and
recoil brake, carrisge with a platform, pointing devices and equili-
brator, electric (or hydraulic) tracker and automatic antiaircraft
sight.

Antiaircraft guns can be self-propelled or towed.

The barrel is a monobloc tube to which is attached a soring
counterrecoil mechanism, The assembled barrel with counterrecoil
mechanism is inserted into the throat of the cradle and is joined to
the barrel clamp by two sector cams on the breech.

Tne barrel length of antiaircraft guns is 70, 90 and even 120
calibers, i.e. more than that of any gun used for a different purpose.

Autoratic antiaircraft guns most often use the screw-type
breechblock., It is located in the cradle. In firing the breechblock
is opened during recoil by the accelerator mounted on a bracket at-
tached to the barrel clamp. The breechblock is rammed intn the for-
ward rosition and is closed by the springs of the rammer m:chanism
situated on the hydraulic buffer. Manual ovening of the byeechblock is
accomplished by a manual breechblockcccking mechanism found on the
cradle,

The barrel clamp with accelerator and t.ghtener is mounted in the
cradle and during firing slides with its guvide keys along the cradle
guide rails. The accelerator gives the breechblock accelerated motion
relstive to the barrel during recoil. The tightener serves to set the
breechblock screw at a strictly prescribed position relative to the
magazine when the breechblock is on autosafety.

The magazine receives fixed rounds and feeds them to the ramming
line. It is attached to the left (right) wall cf the cradle and con-
sists of a b and a number of mechanisms (feed, automatic cocking,
interlock etc.).

Continuous autoratic fire is provided b, a loader coatinuously
feeding cartridge clirs into the magazine, The gunner can halt fire
at any time. Autamatic fire ceases when cartridge clios cease to be
fed into the magazine. Due to the presence of the interlock mechanism
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one cartridge remains in the magazine. The parts of the magazine as-
sume the position in which automatic fire resumes when the next car-
tridge clip is fed in, without manual reloading. This assures constant
readiness of the gun for fire if fire was interrupted because of a lag
in the feeding of cartridges to the magazine,

The recoil brake is hydraulic with a liquid replenisher. The
recoil brake cylinder is fastened to the throat of the cradle, while
the piston rod is connected to the bracket of the accelerator and
recoils during firing together with the barrel and barrel clamp,

The cradle serves to assemble all mechanisms of the automatic
device thereon, to guide the barrel and barrel clamp during recoil and
counterrecoil, and to direct the movement of the breechblock as it is
tocked and rammed., To the side walls of the cradle are attached trun-
nions for support on the carriage; the cradle swings on these in a ver-
tical plane. The elevating sector is attached to the bottom part of
the cradle body,

The carriage with platform is the rotating part of the gun and
consists of a top and bottom part. The bottom part of the carriage
and the platform are the site of the tipping parts of the gun, the
pointing mechanism, equilibrator, power drive, sight and other instru-
ments.

An automatic antlaircraft sight of the mechanical type is mount-
od on the carriage bracket. The input data of the sight required for
solving the problem of the impact betwmen projectile and moving target
are slant range, target speed, angle of approach, and dive or pitch
angle, Slant range is determined by a range finder, angle of position
is fed into the sight automatically during target sighting, and the re-
maining data are estimated by eye and established according to the ap-
propriate scales.

The azimuth tracker opens up fire according to the data of the
sight at the moment when it, together with the elevation tracker,
brings into coincidence the vertical cross ha*:* of the azimth collima-
tor and the horizontal cross hair of the elevaiion collimator.

The coolinr device serves to cool the barrel in thae intervals
between fire. A cooling liquid is pumped through the bore for this

purpose.

The electric (hydraulic) trackers are designed to obtain a high
speed of antiaircraft gun pointing in azimuth and elevation and assure
smooth high-precision target tracking. For automatic remote pointing
of a battery of antiaireraft guns the trackers of_each are connected by
cables with the PUAZO [;ntiaircraft fire directof7 and & power supply
station, The tracker for each gun has two laying channels: a channel
for laying in azimuthk and a channel for laying in elevation. Direct
laying of the gun is performed by actuating motors kinematically cou-
pled via toothed gears with the reduction gear of ihe elevating and
traversing mechanisms.,

In automatic antiaircraft gun fire different methods are used
for pointing the gun at a target: automatic laying by PUAZC-controlled
trackers; semiautomatic laylng by means of semiautomatic layer-con-
trolled trackets (target sighting is performed by an automatic antiair-
craft sight); manual layng according to PUAZO or sight data.
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In the classical automatic weapon the energy source for opera-
tion of the automatic device is the powder gases generated during fir-
ing and withdrawn from the barrel, or the blowback. Recently, multi-
barreled guns with an automatic devize operating off an external elec-
tric motor have begun to be widely used in antiaircraft artillery and
aviation artillery equipment. This has made it possible to obtain
ultrahigh rates of fire,

To achieve an ultrahigh rate of fire there has been a return
abroad to the idea of Gatling's so-called mitrailleuse, patented by
bim over a hundred years ago (in 1862). The mitrailleuse was a cluster
¢’ several barrels mounted on a wheeled carriage. The cluster was re-
wolved by hand, thus assuring consecutive fire from all barrels with a
total rate of fire of 350 shots per minute.

The principle of the Gatling system made it possible to combine
various operations of the cycle of the automatic device to the maximum
extent, while consecutive fire from several barrels did away with
forced cooling of the barrels, since their life was assured even without
this, At present guns and machineguns for cartridges of various cali-
bers are used in the American army for the arming of antiaircraft artil-
lery, aireraft and helicopters. Such weapons include, for example, the
20-mm six-barrel aircraft carnon M6l Vulean, whose automatic device op-
erates off an external electric motor and makes possible a rate of fire
of 6000 rounds per minute,

A multibarreled antiaircraft gun consists of the following basic
components: a cylindrical block with guide rails for the breechblocks;
a barrel clamp rigidly connected to the cylindrical block; breechblocks:;
a receiver with cam slot, with which the breechblock rollers interact
during rotation of the cylindrical block; c. rtridge feeder: a coupling
mechanism which disconnects the cartridge feeder when the firing stops:
electric-contact and blocking devices to make firing possible only when
the bore is locked and to rule out firing when the barrel is not come
pletely locked; an electric motor.

When the electric motor is turned on, the block with the barrels
begins to rotate, As a result of the interaction of the breechblock
rollers with the cam slot the breechblocks reciprocate in their guide
ralls, effecting the ramming of a cartriige into the cartridge chamber,
locking of the bore, ignition of the primer, unlocking of the bore and
extraction of the empty case, The cartridge primer is ignited by fesd-
ing it 300 v direct current which goes through the contact on the jack-
et, through the breechbiock and striker. At the moment the bore is
locked, the breechblock rcller enters the area of the cam slot perven-
dicular to the axis of rotatiun of the block of barrels, and therefore
as the rotation of the block of barrels continues, the breechblock makes
no translatory moticn, and <he bore is locked until the pressure of
the powder gases drops to a safe level for unlocking.

Design improvements in multibarreled automatic guns include the
develooment and introduction of special starter-braking devices and a
system of linkless cartridge feed.

The starter devices are necessary for rapidly overcoming the
rest inertla of the rotating parts of the gun at the very beginning
of each burst so as to achieve the prescribed rate cf fire, Lhe braking
devices for auick stopping of the rotating block of barrels after fir-
ing has stopped. Usually the starter-braking devices are made in the
form of a single mechanism which offerates off an internal or external
energy source,
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The siuplest sivarter device is a clamp with barrels inclined some-
what relative to the axis of rotation. Such a barrel arrangenment re-
sults in the appearance of a blowback component contributing to the
rotation of the block of barrels. In a mechanical starter-braking de-
vice the energy accumulated in bralking the block of barrels at the end
of each burst is used to accelerate this block at the beginning of each
subsequent burst. Pneumatic-type starter-braking devices are also used.

In view of the trend towards further increases in the rate of
fire and the limitation due to the strength of the cartridge belt, a
linkless feed system is used for multibarreled guns. It consists of a
fixed exterior and a rotating interior drum. The cartridges are packed
in rows in longitudinal slots of the exterior drum, and they go head-
first into the spaces between the flanges of the double spiral of the
interior drum, which as it rotates moves them forward to the exit.
Mounted on the ends of the interior drum are an inlet and outlet trans-
mission disk. In the fixed covers of the exterior drum are separators
which, together with the transmission disks, transmit the cartridges
movinz along the longitudinal slots to the feed belt. Rotary motion is
transmitted to the interior drum and separators by a planetary gear.

An attempt is being made to ralse the effectiveness of field
antialrcraft artillery by improving its fire and maneuver aualities,
In order to protect tanks and motoriged infantry against air attack,
antiaircraft artillery must stike at attacking planes at any time of
day in all kinds of weather, possess high mobility, be able to
change auickly from traveling positicn to firing position and vice
versa, and have a large ammunition supply. In short, it reauires a
combination of antiaircraft-hattery fire power plus tank mobility and
cross-country ability. In order for modern antiaireraft guns to meet
these reauirements, they are eauipved with fire jirectors wrich provide
precise target location and lead computation,

Alr defense includes seversl phases. First come target search,
earliest vossible identification of target's national affiliation, and
continuous precise target fixing. Then rapid and precise caleculation
of target flight path and continucus ballistic caiculation of lead,
precise automatic control and continuous target tracking. The last
vhase is fire on target at a high rate of fire anu high initial shell
velocity, using highly effective ammunition. Each of these phases is
decisive for success in battle. Therefore, antiaircraft suns, espe-
cially self -propelled, a.e equivped with 211 the necessary instruments
for successful performance of the aforementioned operaticns: target
iearch and coordinate~determining radar, computers and automatic gun

ayers.

Great difficulties arise in the development of an antiaircraft
self-propelled gin. First of all, the entire system of eauipment has
to be accommodated in a very small space in such a way that each crew
member can perform his functions unimpeded. Precise target tracking
and fixing ars usually accomplished by radar. Ootical irstruments are
also used in an attack on low-flying aircraft under conditicns of
strong signal reflecticn by the terrain., Each of these systems has to
be mounted on a separate axis wnich does not depend on the rotation of
the turret, and visibility restrictions due to turret eauivment, gun
barrels and radar antenna must be minimal.

Rigid reauire-ents are set for target detection instruments, es-
pecially radar: operating reliability under severe conditions, high
ability to distinguish targets against the background of tha surround-
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ing terrain, all-around fire with mcximum angle of elevation. The elec-
tronic equipment of self-propelled antiaircraft guns must be of mini-
mum size, be resistant to shocks, impacts and high temperatures, and

at the same time possess the necessary precision and overating relia-
bility, which is provided only by the use of modern microminiature
electronics and semiconductors.

An important problem for self-propelled antlaircraft artillery
and cne that is difficult to solve structurally is that of accommodating
a large amount of ammunition and replenishing it auickly. The larger
the caliber of the gun, the smaller the size of the basic ammunition
load.

Foreign specialists note ihat an unfavorable attitude towards
self-propelled antiaircraft guns is due to their complexity, high cost
ard low reliability. The suggestion is scmetimes made that their de-
sign be simplified by dispensing with radar and computers. However,
the complexity of self-propelled guns is due to the complexity of the
missions to be executed by them. A complex gun system is naturally
less reliable than a simple one, but its effectiveness is much higher.
Therefore, the tendency is to increase reliability by improving gun
systems rather than simplifying them -- something which is entirely
feasible at the present level of technology. As for the high cost of
self-propelled antiaircratt guns, the view of foreign specialists is
that the character of functions to be performed by them should be taken
into consideration., The protection of tanks and troops on the march by
means of towed antiaircraft artillery recuires a significantly larger
nunoer of tactical artillery units than does protection by self-pro-
pelled antiaircraft artillery. In addi‘icn, tne latter are less vul-
nerable to the enemy than are crnventional unarmored antiaircraft guns,
and therefore they have a longer life under combat conditions.,

Let us consider the performance characteristics and design fea-
tures of some models of modern antiaircrafc artillery found in foreign

armies,
T N2
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Figure 65. American Vulcar (M61) aircraft 20-mm six-
barrel automatic carnon.

The American Vulcan 20-mm six-barrel automatic antiaircraft
cannon (AAC) comes in two versions: the towsd XM167 (also air-trans-
vortable) and the self-vropelled X¥163 based on ‘he tracklaying armorad
carrier Ml13. The basis for these versio~s was the ¥61 Vulcan 20-mm _
alrcraft cannon (Figure 65),
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A serious difficulty in the search for a combustible case mate-
rial has been the problem of the porosity of the material. It is be-
lieved th-t high porosity is an important condition for the production
of a fully combustible meterial, while high porosity is a negative fac-
tor for assuring the necessary overall strength of a round.

The American press recently has pointed out the following prob-
lems facing developers of combustible artillery cases: operational
strength of the case; long storageability under adverse conditions
(bigh and low surrounding temperature, rain, moisture etc.); and, final-
ly, total combustion of the case on firing. It is noted that it is a
hardly feasible task to combine the optimal parameters for all three
problems. Therefore, the efforts of researchers and deslgners are now
directed towards achieving the proper combination of strength, moisture
resistance, and fast and clean combustion. In the view of foreign mil-
itary specialists, success in choosing the proper combination of para®-
eters wlll produce great changes in ammunition and artillery as a
whole.

It is also thought that it is economically infeasible complete-
ly to reequip combat vehicles with new pieces and pieces with redesigned
breech rings. Besides, this would make large stocks of ammunition with
metal cases unsuitable for use. Therefore, the American army was con-
fronted with yet another problem -- the development of ammmition with
a partially combustible case, which can be used without any changes in
existing pleces.

The partially combustible case, made mainly of a combustible
material, has a shortened metal base 50-60 mm high, which provides ob-
turation of the barrel. Partially combustible cases are light in
weight, cut down the penetration of harmful fumes into the fighting
comrartment of vehicles, and are less bulky than ordinary metal cases.

Combustible and partially combustible ammunition has also been
developed for the American 105-mm howitzer and 105-mm and 120-mm guns
(Figure 32).

Figure 32. Combustible cases:

1), 2) partially combustible cases for American
105-mm gun; 3), 4) fully combustible cases for
120-mm gun and 152-mm gun of the Sheridan tank.




J-9750 190

The working principle of the Vulcan AAC is as follows. During
firing the six barrels are rotated around a common central breechblock
by means of an electric drive. The rate of fire of the cannon is de-
termined by the rotational speed of the barrels. All barrels are fed
by one common cartridge belt. The life of the cannon is lengthened
as a result of the fact that the rate of fire per barrel is consider-
ably less than in a single-barrel gun, The design of the cannon makes
it possible to conduct fire in such a way that each succeeding round 1is
not dependent on the preceding one, whereby good system reliability is
achieved. A special controlled muzzle clamp makes it possible to vary
the character of the fire dispersion,

In the towed version the cannon is placed in a rotating turret
vhich is open at the top and has a convex avmor cover to protect the
gunner from the direction of the rear cone. Together with the turret,
the cannon forms a self-contained assembly which is mounted om a light
two-wheeled carriage. The weight of the cannon is 133 kg, and that of
the entire piece plus carriage in the towed version 1360 kg.

The fire control system of the Vulcan cannon consists of an im-
proved sight with a resolver for lead calculations and angular target
tracking, and light radar for target range determination.

The self-propelled 20-mm Vulcan cannon is a self-contained
turret with six barrels mounted on an army armored carrier. The can-
non has armor protection of aluminum alloys, and a convexo-concave ar-
mor shield serves to cover the gumner from the direction of the rear
cone, The combat weight of the plece is about 12,000 kg.

The turret, actuated by electric drive, has all-around fire.
The maximum angle of elevation of the piece is 80°. The turret of the
mount is not stabilized, and therefore it is recommended that fire
not be conducted on the move,

The horizontal rotational speed of the cannon is about 90 deg/
sec, vertical 45 deg/sec. The constant rotational speed of the turret
during fire is controlled by the memory unit of the tracking system in
the fire control systesm.

The electric drive system is powered by three 24-volt nickel-
cadmium batteries: two for the power drives of the cannon and one for
the turret. The hatteries are designed for about 45 minutes of con-
tinuous operation. They are usually charged by the vehicle's generator
or, if the vehicle is damaged, by a portable awdliary generator.

The unit of fire of the plece consists of 2000 rounds, including
1200 in a drum-type magazine and 800 in the fighting compartment of
the armored carrier. After 1100 cartridges are used, a special mech-
anism refills the drum of the feed system., The spent cases are thrown
overboard from the armored carrier.

The cannon fire is effective against aircraft flying at speeds
up to 1120 km/br at ranges of 500 m. Three rates of fire are provided:
3000 shots per minute (for fire on air targets), 400-1000 shots per
minute (on ground targets) and single-shot fire, A special position-
ing stgp permits salvos of rigidly defined duration (from one to 200
rounds).

Recently in the United States the decision was made to develop
a new automatic antialreraft gun system, the Bushmaster, designed to
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be used in the Seventies in a new series of army combat vehicles. This
system will have a caliber of 20 ma and will replace some models of
12.7-mm machineguns and 20-mm antiaircraft guns. The feed mechanism
will permit the firer to select the type of ammunition from the piece’s
unit of fire according to the character of the target. It is envisaged
that amsunition will be develoved with increased range of fire and in-
creased damage characteristics.

Figure 66. Swiss Oerlikon 35-mm twin self-propelled
autcmatic antiaircraft cannon.

The Swiss Oerlikon 35-mm twin self-propelled AAC (Figure 66)
consists of two guns of the ZLa/353 type arranged along the sides of
the rotating turret. On the turret are mounted target detecting and
tracking radar antemnae. The guns are laid in azimuth and elevation
with the aid of power drives. The equipment is mounted on the chassis
of the West German Leopard tank,

The combat weight of the self-propelled gun is about 39,000 kg.
There is a two-man crew. Maximwm running speed up to 65 ku/hr, rated
cruising range 560 km., Surmountable obstacles: angle of ascent 31°,
‘ditch 3 m wide, ford 2.2 m deep, wall 0.95 m high.

The Oerlikon 35-mm cannon was specially developed to combat
high-speed low-flylng air attack weapons. It has an automatic device
based on the principle of powder gas withdrawal and rigid barrel lock-
ing. The receiver and barrel lie loose¢ in the cradle. Short travel
is assured by a counterrecoll mechanism consisting of a spring recuper-
ator with a hydraulic buffer,

The unit of fire of the pilece includes rcunds with high-explosive
fragmentation and armor-piercing incendiary projectiles. The muzcle
velocity of the projectiles is 1175 m/sec.

The Swedish 40-mm twin self-propelled AAC VEAK-40 (Figure 67) is
a short-range antiaircraft gun and is desig-a~d to protect large mobile
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soyedineniya against the attacks of low-flying offensive means at
speeds up to 1450 lm/br,

Figure 67. Swedish 40-mm twin self-propelled auto-
matic antiaircraft gun VEAK.40.

The new self-provelled mount was developed by the Swedish firm
of Bofors. Its years-long experience in the creation of antiaircraft
guns goes back to the years of World War II when Bofors 40-mm antiaire
craft guns were extensively used by many armies in the world, including
the British army, the U.S, army and navy etc. Along with other anti-
aircraft guns, the Bofors 40-mm twin guns were the basis for the crea-
tion of American antiaircraft systems (the M9, M42 etc.).

In the postwar period Bofors considerably improved the design
of the guns develcped by the firm, replacing manual control with power
systems and optical sighting devices with a radar fire control system,
At the same time, barrel length was increased from 60 to 70 calibers,
which raised the muzzle velocity of projectiles from 875 to 1000 m/sec.
There was a two- to threefold increase in the rate of fire of the guns,

The new 40-mn guns, which were given the mark L/70 (the index
irdicates barrel length in calibers) were a step forward corpared to
the L/60 type guns. However, they failed to meet the mobility require-
ments set for antiaircraft weapons by tank forces and other mobile
types of forces, since they were based on towed carriages. It took
much time to bring the guns and radar equipment (also trailer-mounted)
into firing position.

Therefore, as early as 1956 Bofors undertook to develop a self-
propelled antiaircraft system consisting of two vehicles, One was in-
tended for the gun, the other for the radar equipment. However, this
plan was recognized as unsatisfactory and work was halted. In 1959,
at the recuest of the Swedish army, Bofors began the development of a
self-propelled mount using a single vehicle, This work led to the cre-
ation of the 40-mm twin antiaircraft gun VEAK-L4O, which is now in the
stage of evaluation tests.
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The equipment is mounted on the chassis of the new Swedish tank
S, which has a combination power plant (Diesel engine and gas turbine).
The total power of this plant (540 h.p.) vermits a gun weighing 35 tons
to move at speeds up to 60 km/hr, as well as to negotiate water ob-
stacles without any outside helo.

The turret houses two L/70 40-smm automatic guns, the fire con-
trol system and battle supplies. Here toc is found the three-man gun
crew: the commander and gunner on the right side of the turret, the
driver on the left side. The driver‘'s location in the turret makes
possible delivery of fire only after the vehicle is stopped, since gun
laying for direction is ot feasible on the move. However, it takes
altogether only 30 seconds to bring the gun into firing position after
the vehicle is stopped, while it takes 1.5 hours to bring the 40-mm
twin towed antiaireraft gun and its radar into firing position.

The gun barrels are of the monobloc type. The recuperator con-
sists of a cylindrical spring which encompasses the tail end of the
barrel. Breechblock: wedge type. There is an equilibrator. The bar-
rels are laid by means of two hydraulic drives powered by a special
electric motor. The hydraulic drives are connected to the fire control
system computer, which puts the guns in a given position according to
information received from the radar equipment of the mount, The rota-
tional speed of the turret is 85-90 deg/sec; the speed of barrel laying
in elevation 45-75 deg/sec.

The gun barrels are cooled with water from a 100-1liter tank
located in the turret of the mount, at intervals between salvos.

Gun feed is automatic, from a magazine. The basic ammunition
load is 425 rounds with high-explosive and armor-piercing shells., The
high-explosive fragmentation shells use a radio fuze which is actuated
4,8 m from the target.

The all-weather radar equipment carries on low-flying target
search at ranges up to 20 km and automatic target tracking. The search
may be a circular scan at an antenna rotational speed of 240 deg/sec or
a sector scan within a 90° angle. The antenna is controlled in site
manually or automatically., Information goes from the radar to the com-
puter, which puts out data for pointing the piece in site and azimuth
at the future position. In addition, there are optical target tracking
instruments, as well as a simple periscope and a ring sight designed
mainly for fire on ground targets. '\ the march the antenna is folded
to avoid damage from tree tops and c‘thor obstacles.

The principal tactical-technical data of some automatic guns
used in the field antiairecraft artillery of the armies of the capi-
talist states are given in Table 16,

The following basic trends are projected abroad in the further
development of field antiaircraft artillery:

improvement in models of small-caliber antiaircraft guns (20,
25, 30, 35 and 40-mm caliber);

increase in the rate of fire of antiaircraft automatic weapons
and in the muzzle velocities of shells;

increase in angular gun-pointing speeds;
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increase in the mobility of antiaircraft guns by mounting them
on light and maneuverable self-propelled chassis;

develooment of multibarreled automatic devices with a rotating
block of barrels;

providing antiaircraft guns with fire directors equipped with
target detection radar and iaentification equioment;

automation not only of the firing process, but also of the prep-
aration of data for the opening and delivery of fire;

organizational integration of tube-type antiaircraft artillery
with light antiaireraft missile systeams,

Table 16

PRINCIPAL TACTICAL-TECHNICAL DATA OF SCME AUTOMATIC GUNS
USED IN THE FIELD ANTIAIRCRAFT ARTILLERY OF ARMIES OF CAP-

ITALIST STATES
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Keys to Table 15:
A, HModel

1. United States

2, Vulcan 20-mm six-barrel automatic antiaireraft cannon
3. Towed XM167

4, Self-propelled XM163

5. 25-mm self-propelled antiaircraft cannon 6425

6. U0-mm twin self-propelled antiaircraft cannon M9

7. 40-mm twin self-propelled antiagircraft cannon M42

8. France

9. 30-mm twin self-propelled antiaircraft cannon AMX.1l3
10, 40-mm self-propelled antiaircraft cannon AMX-51

11, Sweden

12, U40-mm antiaireraft cannon L/70

13. U40-mm twin self-propelled antiaircraft cannon VEAK-LO
14, 57-mm antiaircraft cannon L/60 .
15, Switzerland

16. 20-mm antiaircraft cannon HS-820

17. 30-mm antiaireraft canncn HS.831

18. 30-mm four-barrel antiaircraft cannon H5-667

19. 30-mm twin self-propelled antiaircraft cannon HS-30
20. 35-mm twin antiaircraft cannon ZLa/353

21. Oerlikon 35-mm twin self-propelled antiaircraft cannon

B. Weight of projectile, kg

C. Maximum vertical range, m

D. Rate of fire, rounds/min

E. Weight in firing position, kg
5. 75 (minus .carriage)

2, Artillery Armament of Tanks

A tank is a tracklaying combat vehicle which combines high-powar
armament, reliable armor protection and high mobility.

The main armament of the modern tank is 1 highly effective
stabilized gun which fires subcaliber armor-piercing shells at muzzle
velocities up to 1300-1500 m/sec.

Foreign military specialists c-nsider the main type of tank
nowadays to be a medium tank weighing about 35 tons, equipped with a
high-power stabilized gun with a caliber of 105-120 mm and a direct
range of fire of 1200-1400 m, For reconnaissance there are light
amphibious and air-transportable tanks. The renunciation of heavy
tanks recently contemplated abroad is due to their low maneuverability,
heavy weight, low rated cruising range, as well as the introduction of
effective antitank weapons, primarily antitank guided missiles with
high armor-piercing ability.

Since the main function of a tank is tc fight enemy tanks, the
selection of tank gun parameters (caliber, muzzle velocity of projec-
tile etc.) is based on the damage to the armor of tanks of the same
class.
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Tank guns are usually mounted ia tank turrets. To make possible
laying for elevatiun, the tioping parts of the tank gun are connected to
the tank turret by means of trunnions and an elevating mechanism. The
placement of the turret on a race permits laying for direction by means
of a traversing mechanism,

However, there are also tanks of the turretless tyve, for example
the new Swedish Bofors tank S, Here a 105-mm gun is rigidly mounted in
the tank hull., The plece is pointed at a target by special control
handles. The entire tank is rotated by rotating the handles, and as the
handles turn, the tank bull is raised or lowered by means of a hydro-
pneumatic suspension. The absence of a turret made it possible to re-
duce the tank weight (to 37 tons), lower the silhouette of the tank,
and increase overall invulnerability somewhat.

Let us turn to a consideration of the artillery armament cf
turret-type tanks. The stresses occurring during firing are transmit-
ted to the tank hull via the trunnions, elevating mechanisms and bzll
race. The recoil force is very great in modern tank guns, and in hich-
power pieces it reaches 250-300 tons. Therefore, tank parts, machan!sms
and assemblies are made to be very rugged. . In addition, special meas-
ures are taken to reduce the unfavorable effect of firing on the tank
structure,

The barrel of a tank gun is usually placed in a cradle clip,
which 1s connected to it via the recoil mechanism. The body of
the cradie is a steel cylindrical tube with brackets for fastening the
machine gun, recoil mechanism, gun sight, elevating rack and
other parts. Attached to the inside surface of the cradle are bronze
guide bearings, along which the barrel slides on recoil and counterre-
coil, The cradle is attached to the turret armor directly on horizon-
tal trunnions or via a single cylindrical mask. To prevent shell frag-
ments and bullets from damaging the mechanisms or injuring the crew,
armor plating, spherical in shape, is attached to the cradle. It cov-
ers the chink in the armor at all angles of elevation and deflection.

The peculiarities of the tactical employmen'. of tanks, and the
reouirements of high mobility, trafficability and accurate fire in mo-
tion gave rise to a number of specific mechanisms and devices in the
artillery armament of tanks: expansion links in the aiming mechanisms,
electric and hydraulic power drives, armament or line-of-aim stabilize
ers, bore scavenging devices ete.

Expansion links are cone or disk friction clutches and serve to
protect the elevating and traversing mechanisms, The point is that
vhen a tank nmoves along severely broken terrain the moving and rota-
tional speeds of the tank vary sharply, nor is the possibility ruled
out that the gun will hit some obstacle directly. In this case the
large loads on the aiming mechanisms exerted by the gun and turret may
break the teeth of the worm and toothed gears and their shafts. The
expansion links of the aiming mechanisms absorb most of the unexpected
and excessive loads.

The main type of fire delivery from a tank during an attack or
counterattack is direct marching fire. It is this capability which
fundamentally distinguishes the modern tank from other tyves of ground
armament, However, as the moving sveed of the tank increases, the ef=
fectiveness of marching fire is sharply reduced as compared to station-
ary fire, since the shaking and jolting of the gun and of the gunner
himself, caused by the accidents of the terrain, irregularity of speed
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and the properties of the suspension, lead to significant shell disper-
sion, For example, at a range of 500 m and a moving speed of 15 lm/hr
the probability of hitting a rectange with sides eoual to the length

and height of the tank is lowered 10-fold, and at a moving speed of 25
lar/br almost 20-fold.

For the successfy! delivery of aimed fire at moving speeds
of 25 km/br or more, modern tanks are equipped with armament stabiligers.

A tank armament stabilizer is an automatic control system which
assures rzpld and smooth aiming of the gun at a target and retention of
the prescribed direction of the bore axis during vibrations of the hull
of the moving tank,

During tank gun fire the air in the fighting compartment of the
tank is heavily contaminated by powder gases and the by-products of
combustion., Some of the smoke and gases escape with the shell through
the muzzle face, but the greater vart remains in the bore so long as
the breechblock is closed. The carbon monoxide in the powder gases

has a harmful effect on the human respiratory organs and poisons the
organism,

Removal of the powler gases from the fighting compartment pre-
sents a serious problem. It has been solved in various ways: suction
of the air from the fighting comvaitment by the running engine of the
tank, and scavenging of the bore with air feed from a compressor or
from flasks, The first method has proved unacceptable for reasons of
antiatomic protection, the second is too complex and expensive.
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Figure 68. Ejector for scavenging of bore:

1) ball valve; 2) nozzle; 3) chamber; 4) barrel;
5) shell.

The following idea has won acceptance as best: using a small
part of the powder gases generated during firing to remove the rest of
the gases in the barrel, An ejector is used for this purpose. The
working principle of the ejector is shown in Figure 68.

A cylindrical chamber is mounted and attached to the muzzle end
j of the barrel behind the muzzle brake. Nozzles are made in the wall of
the barrel evenly in a circle and inclined towards the bore axis at an
angle of about 25° During firing, after the shell passes through the




A et ie o )

e o —— o T Y P e
JE——. -

J-9750 198

opening of the ball valve and nozzles, the powler gases rush through
these openings into the charmber. In the process the ball of the valve
rises. When the pressure of the powder gases in the bore and chamber

becomes equal, no more gases enter the chamber. The gases remain there
under a pressure of 35-50 kg/sq cm.

As soon as the shell leaves the barrel and the pressure of the
gases in the bore drops, the ball, acted uoon by the pressure in the
chamber, sinks to the seat and closes the opening. The powder gases in
the chamber rush through the nozzles into the bore at a high speed
reaching 500 m/sec. Behind this rapid gas flow, directed to the mug-
zle face, a vacuum is formed which carries the powder gases away from
the bore and, in part, from the shell case. They are then borne away
(ejected) frcm the muzzle face of the barrel. Inasmuch as the ejection
process itself proceeds rapidly (1-2 sec), the contaminated air is also

exhausted from the fighting compartment to some extent after the breech-
block is opened and the shell case extracted.

In the West German Leopard tank after firing the shell cases
drop into a box with a spring cover, which automatically closes as the
case drors in, preventing the escape of gases into the fighting compart-
ment., A gas removal device consisting of a system of hoses and a ven-
tilator removes the gases from the box containing the cases and from

the twin machinegun, and expels them through the machinegun ovening in
the gun mask.

Figure 69, English Chieftain tank,

The English Chieftain tank (Figure 69) uses 120-mm separate bag-
loading rcunds. The bag, which burns up completely during firing,

leaves no smoke in the fighting comvartment, as usually happens with
case loading.

The principal tactical-technical characteristics of the; artil-

lery armament of some modern army tanks of caritalist states are given
in Table 17.

The trend in the further development of tank artillery armament
abroad proceeds along the line of an increase in the fire power of the
armament, an increase in the rate of aimed fire, automation of the load-
ing process (reduction of crew size to three men), and improvement of
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crevw living conditions in the closed hatches (provision of temperature
and humidity air-conditioning systems).
Table 17

PRINCIPAL TACTICAL-TECHNICAL CHARACTERISTICS OF THE
ARTILLERY ARMAMENT OF SOME MODERN ARMY TANKS OF CAP-

ITALIST STATES
;_B tiawaan- D E F
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10 Tuws S 105 1470 ler 37 3

Keys:
A, Tank model

l' U' S.

2. M60Al tank

30 England

4, Chieftan tank
5. France

6. AMX-63 tank
7. West Germany
8. Leopard tank
9. Sweden
10, Tank S

B. Gun caliber, mm
C. Muzzle velocity of subcaliber projectile, m/sec
6. 1000 (shaped-charge)

D, Is there an armament stabilizer?

2, 4, 8, Yes
6, 10, No

E. Combat weight of tank, ton

F. Number of men in crew
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Many foreign military specialists take an unfavorable view of
the mixed cannon-missile armament of a tank. They believe that a tank
with such armament will have important disadvantages: complex design,
less operating reliability, increased personnel qualification require-
ments and the resultant inevitable lengthening of %raining periods,
complications in logistical support etc.

3. Air Artillery Armament

The history of the development of aircraft artillery armament
indicates that Soviet designers have achieved great success in this
field of military technology. Designers had to solve complex engineer-
ing and technological problems due to the specific peculiarities of
aviation artillery: high cyclic rate, light weight and small size of
weapons, high automation of control.

The first 20-mm aircraft cannon, the ShVAK (Shpital'nyy, Vladi-
mirov, aireraft, la~ge-caliber), was created as early as 1936 and proved
excellent in combat, It had a cyclic rate of 800 rounds per minute and
weighed in all 42 kg.

In 1941 the 23-mm VYa (Volkov, Yartsev) aircraft cannon was de-
veloped, and later the 37-mm NS-37 (Nudel‘'man, Suranov, Zhirnykh,
Nemenov, Lunin et al.). The NS-37 was used during the Creat Patriotic
War on the Yak<9T and I1-2 planes. On the Yak-9T fighter the cannon
was placed in the camber of the motor blocks so that its barrel passed
through the tubular shaft of the reducing gear of the engine, On the
I1-2 attack plane two cannons were mounted in the wings.

Aviation artillery has not lost its importance under modern con-
ditions, and at low altitudes it is considered the basic weapon of
fighter planes, bombers and attack planes.

Air artillery armament underwent significant changes in the post-
war period. The reascn was the increase in the flying speeds of avia-
tion and changes in the tactics of weavon utilization. Plane design
also changed, Thus, due to change in airfoil profile (the profile be-
came thinner) the gun armament. of fighters is most often completely
concentrated in the fuselage. The guns are mounted closer to the axis
of the plane, whereby a high concentration of fire on the target under
attack is achieved,

Since the guns are securely attached, aiming is performed by
the fuselage.

With the increased flying speeds of bombers, forward-cone at-
tacks by fighters became imorobable in the view of foreign specialists.,
Therefore, foreign bombers use only tail gun mounts to protect the rear
ccne from fighter attacks. Bombers performing ccmbat missions without
fighter cover have gun armament to repel attacks from several direc-
tions.

Foreign air-defense fighters, as well as bombers and helicopters
(for fire support of troops) have 20- to 30-mm aircraft cannons in
service.

Modern aircraft guns are light in weight, have a high cyclic
rate of fire and good sighting equipment.
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Weight is considered one of the principal factors in the selce-
tion of a particular system of air artillery armament. Thus, modern
aircraft guns together with auxiliary equipment weight from 70 to 200
kge

A fixed round of 20-mm caliber weighs 0.4 kg, of 30-mm caliber
0.9 kg, A mount of four 30-mm guns with 300.350 rounds of ammunition
per barrel will then weigh zbout two tons. Such a weight is considered
substantial for a fighter. '

Figure 70. Tail gun mount of American
B-52 strategic bomber.

The cyclic rate of fire of modern aircraft cannons *s high,
reacting 1000 rounds per minute or more per barrel. Thus, the tail
gun mount of the American B-52 strategic bomber (Figure ?70) has four

20-mm guns, and their total cyclic rate of fire is 4000 rounds per
minute,

The tail mount of the B-58 bomber has six 20-mm guns. Their
rate of fire reaches 6000 rounds ner minute.

Control of ‘he tail-gun mount is fully automated,

The control system of the B-52 gun mount has two radar unites to
perform target scanning, lock-on and tracking. After lock-on of the
detected target the tracking radar outs out continuous information re-
garding its position, speed and range. The fire command is given by
the gunner on signal from the control system.

Multibarreled aircraft guns are ring-mounted or mounted in spe-

cial detachable pods suspended under the wings or under the fuselage
of aircraft.
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The guns most widely used in practice have been those whose
avtomatic device operates off an external electric moter., However,
automatic guns are also under development which employ the principle of
powder gas removal or the principle of barrel recoil (an external ener-
€Y source is not rejquired in this case).

The trend abroad has been towards the standardizatior of aire
craft and field antiaircraft automatic guns. This can be seen, for ex-
ample, in the American Vulcan M6l 20-mm six-barreled gun.

In the United States, multibarreled systems with a cyclic rate
of 600-1000 rounds per minute per barrel are used to equip attack air-
craft. The fire from these systems is delivered by uranivm arrows
10 cm long, primarily at tanks. Tests have shown that the uranium ar-
rows pierce armor better than projectiles with tungsten windshields.
The arrows ignite on impact with the armor and continue to burn inside
the tank,

In addition to gun armament, combat planes carry launchers for
firing unguided missiles at ground and air targets. For example, the
American 70-mm high-explosive fragmentaticn rocket projectiles are de-
signed to be fired from fighters at bombers and tanks, the 88.C-mm
armor-piercing and 127-mm high-explosive fragmentation rocket pruojec-
tiles to hit grcund armored targets, and the 298.5-mm high-explosive - ——
rocket projectile to be launched from aircraft aguinst large ground
targets, tanks and ships.

In the last few years there has been stepped-up interest abroad
in the development of conventional aircraft weapons, In this connec-

lery and missile armament,

_ The task has been assigned of increasing the effectiveness of

r o aviation artillery fire by creating guns wbich fire rocket projectiles.
It 1s assumed thzt such a rotation-stabilized projectile, comparable
in size with a conventional 20-rm or 30-mm projectile, will have high
muzzle velocity and high accuracy of fire. In addition, the idea is

to create new automated systems based on the use of computers to select
tke weapon on a plane according to the target under attack.

In the mid-Fifties work was begun in the United States and
France on the use of helicopters as mobile platforms for fire support
weapons on the battlefield.

_— The war in Vietnam is characterized by the Americans' use of
T armed helicopters on a mass scale,

Armed helicopters increase the mobility and fire power of the
. infantry, They are used for: the protection, escort and fire cover
z - of landing troops during their transportation, landing and combat ac-
T -tivity; reconnaissance by fire of flight courses and landing zones;
battlefield observation ani airborne fire support; the supplying of
enemy-surrounded Torces.and the evacuation of wcunded.

There are two types of armed helicopters:

conventional transport helicopters with armament installed on
specially designed mounts with rapid-action bracing;

combat helicopters in which the armament and the universal
bracing for it are a component part of the helicopter.

tion it is believed that fighter and attack planes will bave both artil- ~~~
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Combst helicopters are designed to execute combat missions,
and therefore they are not given transvort functions. In external ap-
pearance they differ from transport helicopters in having a narrower
silhouette and armament. In the next few years the U.S, army intends
to increase the number of combat helicopters to 18,000,

Cembat helicopters are armor-plated, have flying speeds of 250-
300 km/hr, and possess standby power. The crew consists of two men
(pilot and gunner or copilot)., The pilot controls the fixed armament,
the gunner the movile armament (directly or via a control system).

The armament of modern helicopters includes antitank guided
missiles, unguided rocket projectiles, automatic guns and grenade
launchers, machineguns. Antitank guided missiles are intended for the
destruction of enemy tanks long before they enter the field of fire of
ground antitank weapons, i.e. as tank chasti march to the ccmbat area,
as they regroup from one direction to another, during pursuit etc.

American helicopters in South Vietnam are armed with four- and
six-barrel 7.62-mm machineguns (XM21 system), twin 20-mm automatic guns
(XM31 system), twin 30-mm XM140 automatic guns (XM30 system), 4O-mm
XM12S automatic grenade launchers, seven- or 19-barrel (X¥17 system)
or 2l-barrel (M3 system) launchers for 70-mm unguided rocket projec-
tiles, : -‘The last-named are used for zone fire.

The armament of helicopters is arranged symmetrically -- on both
sides of the fuselage or in side hatches (windows, doors).

The 40= atic grenade launcher is mounted in a ball armor-
ed mask in the nose of the helicopter. Its automatic device operates
off an electric motor. U40-mm fragmentation grenades are used for fir-
ing. These are analogous to the rounds of the 40-mm M7¢ infantry
grenade launcher, but with a higher muzzle velocity, making possible
fire at ranges up to 2000 m. Belt cartridge feed. The cartridges are
fed through a flexible groove from an ammunition container. Cyclic
rate of fire: 350 rounds per minute. Insignificant recoil is noted
during firing from the grenade launcher.

The path followed in the development of a weapons system for
combat helicopters, which has passed through the stages of a fixed
mount, a hatch mount, 2 mount with weapon control according to pointing
angles, and has ended in research aimed at the creation of a rotating
turret on a flying platform, duplicates to some extent the path followed
in the develooment of models of armored tank equipment. A certain cor-
respondence is also observable in the specialization of models accord-
ing to tactical mission: Just like armored tank technology which has
light reconnaissance tanks and heavy tanks, aviation contemplates sve-
cialization in light reconnaissance helicopters and support helicopters
with effective armament.

In the view of foreign militsry specialists, reconnaissance heli-
copters will develop mainly through the improvzment of aircraft. In
the creatior of new supvort helicopters the problem of reinforeing arma-
ment is joined to this problem.

It is noted in the foreign vress that more has been achieved in
the creation of tactical air weapons during the last five years thar
during all the fifty oreceding years.
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b, Naval Artillery Armament

Naval artillery -- shipboard and coast -- was for a comparative-
ly long veriod of time the only fire weapon of the navy of decisive
importance in combat operations at sea.

The role of naval artillery and the character of the mission
performed by it have changed with the appearance of new weapons -
nuclear guided weapons.

Under modern conditions naval artillery is used mainly as a close-
combat weapon (its range of operation is about equal to the distance of
the visible horizon). It possesses a number cf good tactical piorer-
ties, the role and importance of which in sea fighting must not be
underestimated,

Since it has a significant cyclic rate of fire and a large unit
of fire, naval artillery can provide continuous prolonged action
against a target, which is of great importance in repelling the attacks
of high-speed air and surface targets, when fire is onened from maximum
possible ranges and ends at minimum permissible ranges. The large unit
of fire makes it possible to close in on the enemy repeatedly.

Also regarded as an important factor is the operating reliabil-
ity of ordnance and fire directors during their tactical employment,
i, e. the capacity for prolonged trouble free operation under combat
conditions.

In addition, naval artillery can raoidly concentrate fire on
the most dangerous targets, which is very important in repelling high-
speed air targets or light surface forces which have broken through to
a naval base, ship or naval force.

Shipboard Artillery

Shipboard artillery is one of the types of warship armament.

Under modern conditions shipboard artillery is mounted on ships
in conjuncticn with guided missile weacvons (Figure 71) and is mainly
used to defend ships against an air enemy at low (up to 3500 m) and
medium altitudes (up to 10,000 m) and to combat torpedo carriers. In
addition, it is used to shell the enemy's shore, support friendly
troops in the coastal zone, and control shipping.

Unlike ground artillery, shipboard artillery operates from a
moving and rolling platform, and fire is moet often directed at a
moving an:. maneuvering target.

These peculiarities require more complex fire control directors
for shipboard artillery, as well as pointing systems and mechanisms
which will assure precision, speed and smoothhess of fire under the
conditions involved in the tossing of the ship.

Modern shipvboard artillery is a complex technical system. It
differs in many respects from the shipboard artillery of the World War
II period and provides highly effective target damage within its zone
of fire.

This has been achieved by introducing a number of imvrovements
in the design of artillery mounts, fire director systems, and ammuni-
tion.
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Figure 71. Diagram of arrangement of artillery on
missile-carrying cruiser (Boston class):

1) 203-mm main battery turrets; 2) 127-mm multi-
purpose automatic artillery mourts; 3) fire ccntrol
tower; U4) surface-search radar; $5) 76-mm multi-
vurpose automatic artillery mounts; 6) air-search
radar; 7) antiaircraft guided missile guidance
station; 8) antiaircraft guided missile launchers.

Cyclic rate of fire has been increased several fold by automa-
tion of the loading and firing processes; fire director systems have
been devised which operate on new principles, take less time to pro-
duce firing data, and have greater operating accuracy; pointing speed
has been increased; ameunition quality has been upgraded etc,

In addition, modern shipboard artillery mounts are mainly multi-
purpose, i.e. they can fire on waterborne, coastal and aerial targets
with approximately the same accuracy, which was not the case previously.

Multipurpose artillery mounts possess a significant cyclic rate,
have larce quadrant elevations (85-900) and high elevation and deflec-
tion speeds.

Non-multipurpose artillery mounts are adapted mainly for combat
with waterbcrne and coastal targets.

Shipboard artillery is classified according to the size of the
caliber, the type of mounts, the firing, loading and guidance systems.

In respect of caliber size, it is divided into large-caliber
(100 Tm or more), medium-caliber (76-~90 mm) and small-caliber (under
76 m).
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At present, in view of the new range of missions to be performed
the maximum caliber of shipboard artillery is limited to 203 mm.

The heaviest artillery on shipboard, as before, is called the
main battery.

Artillery up to 100 me in caliber is mounted on small ships
(cutters, mine sweepers

submarine chasers etc.), and 100- to 203-m
caliber on large ships zaircraft carriers, cruisers, destroyers).

Small-caliber (under 76 mm) artillery mounts as a rule are
adapted for combat with low-flying air targets. Their combat capabili-
ties against waterbomeadccstal targets are limited. Such mounts are
called small-caliber antiaircraft artillery. They are usually multi-
barreled and are used on ships of almost all classes.

In respect of type of mount, shipboard artillery is divided
intc turret, deck-turret and deck mounts.
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Figure 72. Layout of 120-mm single-gun turret multi-
purpose automatic artillery mount with drum ammni-
tion feed:

A) upper deck; B) lower deck; 1) gun rooms; 2) ele-

vation mechanism; 3) subturret charber; 4) deflec-

tion mechanism; %) trunk; 6) drums with ammunition;

7) drum actuating mechanism; 8) artillery mount con-
trol panel.

Modern shipboard artillery mounts are mainly cf the turret type
(Figure 72). All mechanisms and instruments, personnel stations and
ammunition lines are protected by closed armor, and therefore turret
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artillery mounts have a long life and vrovide safe protection for per-
sonnel, mechanisms and instruments against fragments, bullets and
nuciear exposure.

Characteristic features of modern ship turrets are their her-
meticity, ovalness of the armor protection, and mounting of the front
armor vlate at considerable angles to the normal,

In addition, turrets have large-diameter bases, which enables
personnel to take up action stations directly from the hull of the
ship without going out onto the deck. The rotating part of the turret
is the gun room housing the guns, guidance and loading mechanisms,
turret fire directors, and the personnel operating these mechanisms
and instruments. Beneath the gun room is the subturret chamber, in
which are to be found certain auxiliary turret mechanisms, ammunition
lines, and ready ammunition boxes.*

A characteristic feature of turret artillery mounts is that the
gun room, ammunition lines and magazines constitute a unified system.,

Medium- and large-caliber turret artillery mounts have one, two
or three guns, and are mounted on large ships.

In deck-turret artillery mounts the gun room and ammunition
lines are protected by open armor; the magazines are rot part of a uni-
fied system and are isolated frcm the turret,

Deck-turret artillery mounts are usually large-caliber. Like
turret mounts, they consist of a gun room and subturret chamber.

The gun room is the rotating part of the artillery mount, the
subturret chamber the fixed part. The rear end of the turret is not
protected with armor and serves for the removal of shell cases during
firing. The bottom likewise is open, wnich assures gocd ventilation
and prevents the turret from becoming smoke-filled.

As a rule, deck-turret artillery mounts have one or two guns
and are placed on large shivs,

In some mounts the gun room is stabilized, which facilitates
laying during rolling and improves conditions for operation of the
mechanisms and instruments by personnel.

Deck-turret artillery mounts are also used without a subturret
chamber. In this case the ammunition is fed from the deck. JSuch
mounts are classed as deck mounts.

In the case of deck artillery mounts,magazines and ammunition
lines are completely isolated from them, and the ammunition lines have

exits on the upver deck near the mounts.

*Ready ammunition boxes are places for storing a small quantity of am-
munition in case fire must be opened immediztely on targets unexpected-
ly appearing, without waiting for ammunition to be delivered from the
magazines.
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Personnel, instruments and mechanisms are protected by bullete
and splinterproof armor in the form of individoal sk eldser shaters wooh or
without a roof.

Medium- and large-caliber deck artillery mounts have one or two
guns; small-caliber mounts are more often multibarreled. They are sim-
ple in design, simple tc operate and light in weight, and therefore can
be used on merchant vessels mobilized in wartime.

Some small-caliber deck artillery mounts are stabilized.

On the basis of firing, shipbozrd artillery mounts are divided
into autoratic, semiautomatic and nonautomatic (old bag-loading mounts).

The number of automatic artillery mounts (of all calibers) on

ships is constantly increasing at the present time, Loading, firing,
and case extraction after firing are all performed automatically in
these mounts, which significantly increases the cyclic rate of fire.
In seriautomatic artillery mounts, only opening of the breechblock and
case extraction are automatic. Just as in ground artillery, automatic
artillery mounts have cartridge (fixed-ammunition) loading, while semi-
automatics have cartridge and separate case loading.

Shivboard artillery mounts are characterized by three types of
laying: automatic, semiautomatic and mamual. In the automatic method
guidance is effected by means of a power servodrive without the par-
ticipation of gunners. This tyve of laying is performed by remote
guidance control.

Semiautomatic laying is verformed by gunners actuating the
power drives.

Automatic laying is considered fundamental. It assures great
accuracy and high guidance speeds in medium- and large-caliber artillery
mounts (for laying for elevatior. and direction) exceeding the guidance
speeds of World War II artillery mounts several times.

Modern shipbozrd artillery mounts have high initial shell-flight
velocities and cyclic rates. This has been achieved by a number of in-
ncvations in the design of artillery bvarrels and their new mode of opera-
tion.

Monobloc barrels made of alloy steels with high mecranical charac-
teristics are usually employed to assure the necessary strength and a
sufficiently long life., Barrel length ranges from 50 to 70 calibers,
and pressure in the barrels reaches 3500-4000 kg/sa cm. With such char-
acteristics, muzzle velocities of 1000 m/sec can be obtained, which is
very important when firing at high-speed air targets.

The increase in the cyclic rate nec:ssitated changes in the
operating conditiors of barrels so as nct to reduce their life.

Artillery mounts have been eouipped with devices for cooling bar-
rels with outside water after they have been heated up in intensive
fire. The device consists of a rubber hose, cne end of which is con-
nected to the ship's fire main; the other end, which has a spout, is
inserted in the gun charter, The barrel is cooled by passing water
through the bore for 1.5-2 minutes, permitting fire to be resumed at
the full cyclic rate.
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Other methods provide continuous cooling of barrels during
finngo

Thus, one method is based on barrel cooling by water passed un-
der pressure thrcugh the jacket cn the barrel. The water is injected
into the jacket around the barrel breech and removed arcund the muzzle
end through a draw-off hose into a cooler, whence it is again fed into
the jacket.

Sore barrels use interlayer cooling. In this case the barrel is
patterned after a barrel with a liner. Longitudinal grooves are made
in the jacket on the inside (for its entire length). Water is passed
under considerable pressure through these grooves from the breech to
the muzzle end. Then it goes into the cooler via a draw-off hose.

In both cases special desalted water is used rather than outside water.

Innovations for medium- and large-calider turret artiliery mounts
include special ejector devices for reroving powder gases from the bores
after firing a round. This device is mounted around the muzzle end,

It is simrle in design and without auxiliary mechanisms in the breech
ring (as was the case previously), and it quickly and reliably removes
vowder rases from the bore.

Ammunition lines and the loadins and firing processes in modern
shipboard artillery mounts are practically fully automated. Whereas
it took 10-12 men to perform these services in World War 1I, it now
takes 2-4 men, and for the most pait they only monitor the overation of
the machinery.

One of the variants for autormated ammunition feed from magazines
(1t 1s known as drum feed) is shown in Figure 72, In this case selec-
tive ammunition feed is possible for striking at aerial, waterborne
and coastal targets. No personnel are required to operate such feeds.
They are needed only to replenish the drums with cartridges.

The growth of the cyclic rate of fire of shipboard artillery
mcunts can be juiged from the data given in Table 18,

Table 18

CHANGE IN THE CYCLIC RATE OF FIRE COF SHIPBCARD
ARTILLERY MOUNTS

B CKOPOCTPCALNOCTE YCTAHOROK, #6iCHI MUN
Kaauhp, am :
19391015 i C conpeveHitx
20 -40 230180 Over :00-200
76 --100 26—12 90 —60
120--127 12—10 50—45
152 8 17
203 5 ) 12
i

Keys:

A, Caliber, mm
« Cyclic rate cf fire of mounts, rounds/min
. of present-day mounts

O w
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The artillery mounts of shivs have a certain amount of ammuni-
tion per barrel. Since modern shipboard artillery is multipurpose for
the most part, its unit of fire makes it possible to strike at aerial,
waterborne and coastal targets. A certain type of ammunition is em-
vloyed to strike at each of them. o

In practice a ship's unit of fire is determined by the cyclic
rate of fire of the artillery mounts, the ship's displacement, the
holding capacity of the artillery magazines etc. The unit of fire of
medium- and large-caliber artillery mounts is several hundred rounds
per barrel, and that of small-caliber mounts several thousand.

The ammunition on shipboard is stored in special compartments
== artillery magazines.

Magazines as a rule are located in the hold below the waterline,
far from the machinery and boiler compartments, and are well insulated
against exposure to high temperatures. They are supplied with the
necessary eouipment to make possible prolonged storage of ammunition:
shelving, cabinets and chests for storing ammunition; magazine ven-
tilating, lighting, heating, flooding, sorinkling and drainage systems.
Fixed ammunition, for example, is stored in honeycomb shelves with
nests for each cartridge in a horizontal position, and is secured with
special locks,

Ammunition is fed from magazines to artillery mounts by hoists.

Time- or proximity-fuzed high-explosive fragmentation shells
are used tc fire at air targets frcm medium- and large-caliber artil-
lery mounts; percussion-fuzed high-explosive fragmentation and high-
explosive shells at waterborne and coastal targets; armor-piercing
shells at armored targets.

Point percussion-fuzed fragmentation tracers are fired from
small-caliber antiaircraft artillery mounts, but for light-armored
targets fire is conducted with base-fuzed armor-piercing shells.,

In Vietnam combat operaticns the American navy is using ships
armed with 127-mm guns (barrel lergth 38 and 54 calibers, range of
fire 16.5 and 23.8 km resectively), 152-mm (47 calibers and 23.8 km)
and 203-mm (55 calibers and 27.4 km5 funs.e The U.S. Navy is increas-
ing the number of ships with artillery armament by demothballing them.
In the shelling of the Vietnam coast there took part a battleship
equgppe? with old W06-mm guns (weight of shell 1057 kg, range of fire
33.8 km),

For the conduct of combat operations in the coastal and inland
wster areas of Vietnam the American commsnd is using a large number of
different patrol boats armed with machineguns and cannon (from 7.62 to
40 mm in crliber), 40-mm automatic grenade launchers, and 8l-mm mortars.
The last-named has a recoil mechanism and therefore can also be
mounted on small cutters. A veculiarity of the design of this mortar
is its ability to fire nct only at large elevations, but also at small
ones (like a gun). It was recently modernized: a 12.7-mm machinegun
was added to the barrel.

Raovid improvements continue to be made in shipboard artillery
(of all calibers). In the opinion of foreign military specialists,
it will develop as multipurpose automatic artillery with good protection
against nuclear exposure, high cyclic rate of fire, precision of fire,
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and great destructiveness of the shell at target. Its main function
will reduce to doing battle with air fargets at low and medium alti-
tudes. Medium- and large-caliber artillery mounts will also be able to
strike at waterborne and coastal targets. For this purpose, work is
under way to create more powerful conventional explosives, and projec-
tiles with nuclear charges are under develovment.

The designs of mechanical and proximity fuzes are being improved
by an increase in sensitivity and noise immunity.

In the United States exverimental design work is under way on
rocket-assisted projectiles for shipboard artillery, particularly for
127-mm guns used on destroyers. It is envisaged thst the range of
fire of these projectiles will be increased by 30 percent.

It is contemplated that the weight and size of shipboard artil-
lery as a whole will be reduced by the use of light and high-strength
alloys, as well as by efficient artillery mount designs.

This will make it possible to increase the number of fire weap-
ons on ships or the amount of ammunition, which is of no small impor-
tance for ships overating far from their bases.

In the United States evaluation testing was begun in 1968 on a
new 127-mm automatic gun for destrcyers, which is three times lighter
than existing guns of the same caliber. It takes only six men (instead
of 16) to operate it. The shells are belt-fed to the gun. Pointing
is performed automatically on instructions from a computer,

Coast Artillery

Coast artillery is charged with the mission of defending impor-
tant coastal areas and islandsagainst enemy sea attacks. In addition,
it is used for the supvort of land forees operating along the coast.

Coast artillery is divided into fixed and mobile artillery
depending on the type of mount,

Fixed artillery is of the turret type and is uncovered (pattern-
ed after deck artillery). Its armament consists of shipboard guns with
a caliber of 130-180 mm or more with aporopriate fire directors similar
to those on ships,

Fixed coastal batteries are not being built at the oresent time.

Mobile coast artillery (self-provelled, tractor-drawn and rail-
road artillery) has found the widest use. Its caliber is in the 100-
to 180-mm range.

Railroad artillery includes shipboard-type gun mounts. Tractor-
drawn and self-vropelled artillery consists mainly of models used by
land forces.

Mobile artillery makes it possible to concentrate a large number
of gun mounts at the point where there is greatest danger of landing
operations or an enemy strike, thus assuring the protection of a large
expanse of coastal area. In addition, it can be.aquickly shifted to
places where no defense has previously been organized.
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There have been significant changes in mobile coast artillery

in recent years. The weight of vehicles has besn reduced; their mobil-
ity and crosse-country asbility under difficult terrain conditions have
been increased, as well as fire power. Preference at present is given
to self-propelled artillery. Self-propelled guns have a high running
speed and good cross-country ability. They can be quickly concentrated
or dispersed and require less personnel to operate. Self-propelled guns
are several times superior to railroad guns and tractor-drawn gun mounts
in the time required for zeroing in.

Further improvements in mobile coast artillery, in the view of
foreign specialists, will proceed along the line of an increase in
maneuverability, maximum effective range, cyclic rate and accuracy of
fire.
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Chapter IX
ARTILLERY INSTRUMENTATION

1, Ground Artillery Observation Ipstruments

Successf -’ performance of the missions with which ground artil-
lery is charged is inconceivable under modern combat conditions without
extensive employment of the most diverse artillery instruments,

The development of artillery instruments is inseparably linked
with the development of artillery and the qualitative improvement of
artillery weapons,

Observation instruments and topographical survey equipment have
an important place in artillery instrumentation,

Ground artillery observation instruments are intended for study
of the terrain and battlefield observation, the conduct of reconnais.
sance and determination of target coordinates, preparation of artillery
fire, as well as the performance of topographical survey work.

In their design observation instruments are very diverse. The
basis of their optical scheme is a telescopic system. Instruments adapt-
ed for observation with two eyes are called binocular instruments, and
those adapted for observation with one eye are called monocular instru-
ments. They have two and one telescopic systems respectively,

Every optical instrument has different characteristics, depend-
ing on its purpose. These include: magnification; field of view;
diameter of entrance and exit puplils; exit pupil distance; illuminae
tion; resolving power; plasticity:; and periscopisnm.

The magnification of an optical instrument is the name given to
the number showing how many times larger the angle is at which the
image of an object is visible in the instrument than the angle at
which the same object is visible to the naked eye. Magnification 6, 8
and 15 times 1s the name given to six-, eight- and 15-fold magnifica-
tion, and is designated as 6X, 8X and 15X.

The part of space visible in an instrument without moving it is
called the instrument's field of view,

The entrance pupil of an instrument is the smallest aperture in
the objective of an instiument through which light rays enter, The
size of entrance pupils is designated on instrument cases. For exame
ple, binoculars with 8X mapgnification and an entrance pupil diameter
of 30 mm has the designation 8X30.

The exit pupil of an instrument is the image of the entrance
pupil given by the eyepiece, i.e. the circle of light which can be
seen in the direction of the eyepiece of the instrument if the objec-
tive of the instrument is aimed towards the light.

Exit pupil distance is the distance from the outside surface
of the last lens of the eyeplece to the eye of the observer., Lest
light from the side interfere with observation, rubber eye shades are
put on the eyepleces of an instrument.
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The ratio of the image illumination of an object received on
the retina of the eye during observation through an instrument to the
image illumination of the same cbject when observed by the naked eye
is called the illumination of the instrument. The square of exit
pupil diameter is conventionally taken as the measure of an instru.
ment's illumination. For example, the illumination of 15X binoculars
with a 3.3 mn exit pupil diameter will egual ~ 10,

By resolving power is meant the ability of an instrument to give
separate images of the fine detall of an object,

The capacity of a binocular instrument to give an observer the
feeling-of depth and relief of an observed space is called plasticity.

Perisccpism of an instrument is the excess of the bundle of rays
entering an instrument over the bundle leaving it. Periscopism makes
it possible to conduct observations from behind cover.

The basic characteristics of observation instruments are present-
ed in Table 19.

From among binocular observation instruments let us consider
prism binoculars, the stereoscopic range finder and exploration theod-
olite, and from among monocular instruments, the periscopic aiming
circle.

Binoculars are used for battlefield observation, terrain study
and target reconnaissance, observation during firing, as well as for
measurenent of vertical and horizontal angles.

Binoculars (Figure 73) consist of two telescopes joined together
by a hinge pin. They can be rotated around the pin and adjusted to
the observer's eyes. In the ri-ht telescope a reticle with scale divi-
sion 0-05 is plotted on a glass plate.

Each telescope consists of an eyepiece, case and objective. The
case has right-angle prisms of the erecting system which serves to ob-
tain an erect image, increase the instrument's plasticity and decrease
its length,

The internal construction of all binoculars is the same. Binoc-
ulars with increased magnifying power have ccmpound eyepieces.

For improvement of observation during fog, in brieht sun, in
winter, when objects are situated against a backgrcund of sncw, as
well as for long-range observation, yellow-green light filters are put
on the eyepieces of binocula; = in order to increase the image contrast
of remote objects.

With the help of binoculars angles can be measured and the dis-
tances to objects determined. Horlzontal and vertical angles are
measured according to the reticle with accuracy to two or three azimuth
micrcmeter scale units., Distances to local objects and targets can be
determined if the observer knows their size. For this purpose the
angle at which the height or length of the object (target) is visible
is measured according to the reticle of the binoculars, and the magni-
tude of the distance is found according to the formula

D = L 1000,
X
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where { is linear size of the object, m;
X is angular size of the object, in azirmth micrometer scale
units.
Table 19
PRINCIPAL CHARACTERISTICS OF CBSERVATION INSTRUMENTS

- B buuoxa. Ferepeockommecnun Aunbu0\|e1-tﬂ}’aanelma-rmmu.m TEO1DHHT H_,c;m“‘_‘,m.
A G H I N HEC~ I
X2)2KTePHCTHKH C D B8 B B 2 K L apiuaresin.
(555330, (B8 %30 ‘5;51:50) nc.09 IC-1 ac-2 PT pr-2 cxaz“g,\[';r:gn,,u
Lysennaeane . ... - 6> 8 15> | x| o12x | 20 10~ 10~ 8
2 Tore speuns . . . - 1-42 1-42 0-67 0-50 0-83 0-30 0-83 0-83 0-83
(8°30) | (8°30) (5%} 3°) (5°) 3°) (5%) (5°) (5°)
3 Duaserp BXOAHOTO
024X, MM . . . e s . 30 30 50 34 22
b Istamerp  BbixOAROrO
IpITE2, AM . . . .. . 5 3.8 3.3 2,1 2 4,5 5.4 2.8
5 Yaanenne BEIXOAHOTO
WUk, MK .. ... . 11 10.8 13 18.8 18.5 18,5 28 12.3
6 Cocrocuna . . .. .. 25 14.4 10 Oxcao 8
7 Pazpewaovias cno-
eohurery, cex . . . ., 3 5 4 d 6 6 6 6 3
8 Flepuckonuunocts, am 224) 302 389 300 300 350

Keys:
A, Characteristics

1. Magnification
2, Field of view

3. Entrance pupil diameter, mm
4, Exit pupil diameter, mm
5. Exit pupil distance, mm
6. Illumination
7. Resolving power, sec
8. Periscopism, mm

B. Binoculars

C. B6 (B6X30)

D. B8 (B8X30)

E. B15 (B15X50)

F. Stereoscopic range finder

G. Ds-0.9

H. DSs.l

I, Ds.2

J. Exploration theodolite

K. RT

L. RI-2

M

Periscopic aiming circle FaB-2

6. around 8
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_Figure 73. Einoculars:

1) objective; 2) eyepiece; 3) case; 4) erecting

prisms; 5) scale of eyepiece for adjusting binoc-

ulars for image sharpness; 6) scale of interoru-
lar distances.

The stereoscopic range finder is a ground artillery general-pur-
pose observation instrument. I{ is intended for target detection,
datermination of target distance and position (coordinates) and is also

used for fire adjustment, torographical surveying and measurement of
angles.

The stereoscopic 2ffect of human vision -- the parception of
the spatial arrangement of observed objects -- underlies the determina-
tion of distance by the stereoscopic range finder, Perceontion of the
spatial position of objects is possible only with simultaneous observa-
+:on by both eyes.

The stereoscopic range-finder kit (Figure 74) includes the
range finder proper, support, tripod, illumination accessory, instru-
ment for measuring the base line of the eyes, and carrying cases.

To assure accurate operation, the stereoscopic range finder is
pericdically adjusted for height of image and coincidence.

Height-of-image adjustment is performed every time before the
start of operations. It consists in adjusting the wander marks in
the right and left eyepieces to the same position for height.

Coincidence adjustment must be performed if the range finder
has been subjected to violent vibration or blows, or if a new range-
finder operator, who has to determine his "adjustment number," is start-
ing to work the instrument. It consists in checking whether or not
the parallelism of the optical axes of the stereoscopic range finder has
been disturbed,

By means of the stereoscopic range finder target position is de-
termined in a polar system of coordinates shich are characterized by
the horizontal angle between the base line of fire and target direction
and distance.

kil
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Figure 74. Stereoscopic range-finder kit:

1) range finder; 2) support; 3) tripod; 4) illumi-

nation accessory; ) storage battery in bag; 6)

range-finder carrying case; 7) support carrying
case; 8) spare parts, tools and accessories.

The horizontal angle between base line of fire and target di-
rection 1s found as the differen:e between 30-00 and target reading
or calculated directly from the scale of the azimuth circle and
measuring drum,

To determine range, the range finder is pointed at the target
so that the central wander mark is above the target or beside it with
a clearance of one-fourth the height of th2 mark. This is done so as
not to lose the sensation of stereoscopism. Stereoscopic coincidence
of the images of the central mark and of the target is then obtained
by rotating the measuring roller and taking the reading according to
the range scale. This reading will be the target distance. The mease
urement 1s made two or three times and the arithmetic mean of the
obtained readings is taken.

When necessary, polar coordinates are transformed into rectangu-
1lar coordinates by means of a special coordinate converter or by ref-
erence to the nomogram of the instrument's course, graphically on the
chart (plotting board), analytically on a computer or according to
special tables.

The exploration theodolite is used for detailed study of ter-
rain and targets, observation during firing, and measurement of angles
and distances (range).
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Figure 75. Exploration-theodolite kit:

1) theodolite; 2) declinator; 3) tripod; 4) pintle;
5) sighting rod; 6) blind; ?) carrying case; 8) stor-
age-battery box; 9) illuminated reference point.

The exploration-theodolite kit (Figure 75) includes the theod-
olite proper, declinator, tripcd and pintle, sighting rod, blind,
illumination accessory, computer and carrying case.

The computer is used for computations in determining the co-
ordinates of intersected targets and for the solution of computing
problems in topographical survey work,

For the theodolite to work properly and accurately, it must be
carefully checked. If in the process it is found that troubleshooting
errors exceed permissible norms, the instrument must in all cases be re-
paired.

Accuracy in the theodolite-aided measurement of angles and dis-
tances depends on the care with which the instrument is pointed.

In measuring horizontal angles the theodolite is aimed first at
an object on the right, then at an object on the left. The difference
vetween the readings for the objects on the right and left will be the
magnitude of the angle being measured.
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An angle is usually measured twice., If the difference between
measurements does not exceed 0-00.3, the angle has been found accu-
rately. If it exceeds 0-00.3, the measurement is repeated.

Vertical angles are measured by reference to the reticle of the
right eyeplece or by means of the elevating mechanism. The magnitude
of the angle is determined as the difference between the angles of site
of the features between which the angle is determined, taken with their
signs,

Distances are determined with the theodolite by one of the fol-
lowing methods:

by reference to a known permanent base;
by reference to a range pole;
by intersection from base-end stations,

Distances can be measured by reference to a known permanent base
and by reference to a range pole only in an area where friendly forces
are disposed.

The measurement of distances by reference to a known permanent
base rests on the employment of the theodolite as a range finder with
a permanent base and a variable angle. The angle at which the base
can be seen from the theodolite station is measured and the distance
is found by using the formula which we kaow:

D = -{-1000.
.

Determination of distances by reference to a range pole is based
on the use of the theodolite as a range finder with a constant angle
and a variable base. Taken as the magnitude of the constant angle is
the angle 0-05, for which at a given distance there is a given correspond-
ing magnitude of a segment of the special pole. A count is made of the
number of divisions cf the pole found in 0-05 and if the value cf these
divisions is known, the distance is found.

To determine distances (range) by inter:ection from base-end sta-
tions, the following formulas are used:

p_ = B sin(30-00~ L). p -BsinR
a sin j 1 siny

where Dr and D are distances to the same object from the right and
left observation posts;

B is intersection base;
Y is intersection angle;

L and R are theodolite readings from the left and right obe
servation posts.

Quantities Dr and Dl are determined analytically or by means of
the computer according to these formulas.

L 4
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The periscopic aiming circle is an observation instrument and
can be used for observatior and reconnaissance, target location by
intersection, measurement of horizontal and vertical angles and dis-
tances. However, its main purpose is the orientation of guns and
instruments in a given direction, and determinztion of terrain mag-
netic azimuth and grid azimuths.

The reriscopic aiming circle can be used at an observation post
and fire position, as well as in topographic work for the tylng-in of
battle formations.

Figure 76. Periscopic aiming circle:

1) monocular; 2) azimuth cap; 3) level; 4) mecha-
nism for turning the head of the sight; 5) sight;
6) body of reading worm; 7) body of adjusting worm
with main pinion; 8) declinator; 9) vertical axis
of pinion with ball pivot; 10) cup; 11) head of

tripod.

The periscopic ziming circle kit (Figure 76) consists of the
aiming circle with case, perisccre with case, azimuth cap, illumination
accessory and tripod,

The aiming circle is a compass connected with an azimuth and an
optical instrument. The role of compass is played by the declinator,
which serves to orient the aiming circle according to the magnetic
needle.
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The monocular of the aiming circle is a telescope of the same
construction as the telesccpes of binoculars.

The azim.th cap is an optical instrument intended for astronom-
ical orientatior of the aiming circle. It is fastened by means of
a bracket with i carrier to the connecting plece of the objective
of the monocular of the aiming circle.

Pieces and instruments are oriented in a prescribed direction
by means oxr the periscooic aiming circle both before and after being
placed in fire positions and observation posts.

Horizontal angles are measured by means of the aiming circle
by reference to the reticle of the monocular, by reference to com-
pass scales and by reference to azimuth scales,

Vertical angles between terrain features are measured according
to the reticle of the monccular or determined as the difference be-
tween the angles of site of these features, taken with their signs.

Measurement of ground distances by means of the aiming circle
is accomplished by reference to the range scale of the reticle of the
monocular with the use of a two-meter pole, by reference to a known
permanent base, by reference to a special range pole and by intersec-
tion from base-end stations. In the last three methods distances are
measured in the same way as in operations with the exploration thecdo-
lite.

The method of measuring distances by reference to the range
scale of the reticle of the monocular of the aiming circle with the
use of a two-meter pole is based on the use of the aiming circle as a
range finder with a permsnent base and a variable angle, Distances
from 50 to 400 m can be determined by this method.

2., Laser Range Finders

The greatest scientific discovery of the past decade in our cene
tury is lasers -- optical guantum generators, or simply light genera-
tors. Their operation is based on the phenomenon of the amplification
of electromagnetic oscillations by means of the stimulated induced
emission of atoms and molecules.

The first investigations in the schere of laser generators and
amplifiers were those of the Soviet scientists N, G. Basov and A, M,
Prokhorov, who were awarded the Lenin Prize for this discovery. Later,
the international Nobel Prize was also conferred upon them,

The value of lasers is that their emission possesses a number of
remarkable properties., Unlike light emitted by conventional sources,
it is coherent (the phase difference between oscillations is constant)
in space and time, monochromatic, propagates in a very narrow beam,
and is characterized by extraordinarily high concentration of energy.
The energy density at the focus of the laser ray amounts to tens and
and even hundreds of millions of watts per square centimeter of area.
Even the sun does not radiate energy of such density. On its surface
the radiation intensity is only about 10,000 w/sq cm. A low-power
laser ray is capable of burning holes practically instantaneously
through sheet steel and diamond, setting fire to various materials and
creating temperatures on their surface up to 8000°,
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The operational range of existing lasers varles from ultraviolet
radiation with an 0.3-micron wavelength to infrared radiation with a
300-micron wa.volength.

Prospects for the employment of lasers for various technical
purposes are unusually wide and diverse (direction finding and naviga-
tion, medicine and blology, chemistry and geophysics, industrial
processing of materials etc.). The use of lasers in ground commmnica-
tions will lead to a veritable revolution in communications engineer-
ing. For example, theoretically abcut a billion simultanecus telephone
conversations can be carried on only one laser beanm,

At present, according to a foreign press report, lasers are begin-
ning to be adopted in artillery as range finders. They make possible
the ravid and accurate determination of target range and a sharp in-
crease in the probability of its first-round kill, By means of the
laser a beam of light is obtained whose angular divergence does not ex-
ceed three angular minutes. Such a beam can be focused to a width of
about one angular second, and at a distance of 1 km from source a light
spot about 10 cm in diameter can be obtained.

15 a
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Figure 77. Schematic of laser range finder:

1) photodiode; 2) rotating prism; 3) ruby rod;
4) mirror; 5) diaphragm; 6) interference filter;
7) photomultiplier; 8) counter.

Key: a) 0.05 microsecond

The operating principle of the laser range finder is as follows
(Figure 77). A laser beam is directed at an object through a transmit-
ter telescope. Striking the surface of tue object, it is reflected by
it. Part of the reflected signal is trapped by a receiver telescope,
at whose output a narrow-band optical filter is placed. By means of
the filter the reflected signal is extracted even against a background
of solar radiation and then goes to the input of a photomultiplier.

The amplified signal actuates a pulse generator. Target range is de-
termined from the number of pulses arriving at the input of the instru-
ment during a given period of time.

Ordinarily a laser consists of three orincipal parts: active

(working) material, for example, a ruby; resonance system, which con-
sists of two parallel plates with reflective coatings applied to them;
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and excitation (purving) system, which can be a xenon flash lamp with
a power source.

- The rubv is pvroduced synthetically from aluminum oxide, in which
a small number of the aluminum atoms have been replaced by chromium
atoms (0.05-0.5 percent). The color of the ruby devends on the amount
of chromium, ranging from pale rose to dark cerise (as the chromium con-
tent is increased). Chromium ions are the active material.

The ruby rod is inserted in the helical xenon flash lamp, whose
coils hold it »n all sides. A large-cavacitance cavacitor, charged by
a rectifier, serves as the power source. It discharges through the
lamp, whose flash lasts for milliseconds. During this time the lamp
consumes several thousand jrules of energy. Most of the energy goes
to heat the instrument, and a smaller part in the form of blue and
green radiation is absorbed by the ruby. This energy makes possible
the conversion of the ruby to nonegquilibrium state by excitation of
toe chromium ions, Stimulated emission is thus obtained.

The laser range finder emits a light pulse of very short dura-
tion. To shave short pulses of great amplitude, ravidly rotating mir-
rors and prisms are employed. At the moment when the rotating mirrors
are in a certain vosition, a pulse is emitted which reaches the target,
is reflected by it and trapped by the optical system of the receiver
part. The process of energy accumulation and emission in simple form
is called Q-switching. Information about target range lights up on
the lighted panel indicator beside the optical sighting device.

The prircipal advantages of laser-based range finders are as
follows: high accuracy in the measurement of range, considerably exe
ceeding the accuracy of conventional range finders; accuracy of mease
urement regardless of target range; small size of the beam-shaping
system; immediate output of measurement results. In addition to range,
the laser range finder permits rough measurement of azimuth and angle
of Sighto

Laser range finders also have shortcomings which lessen the ef-
fectiveness of their use: low efficiency ratio not exceeding 10-15
percent even in the most powerful designs: great losses occurring during
the transformation of electrical energy into the light energy of the
flash lamp and then during its conversion into the coherent luminous
energy of the laser., But a more significant shortcoming of the laser
range finder is its dependence on the composition and properties of the
atmosphere, i.e. on meteorological conditions. A light pulse weakens
appreciably during rain and fog.

The laser range finder car. be transported and serviced by one
operator. It can be mounted on tanks, artillery pieces, aircraft and
helicopters. The range finder is emoloyed to determine target range on
the battlefield, during bombing, in escort systems, in navigation and
in topographical measurements. In addition, the range finder can also
be used for meteorological purposes,

Sound-Rangin ui t

Sound-ranging in the ground artillery is ccnducted by sound-
ranging podrazdeleniya constituting artillery observation.

Sound-ranging podrazdeleniya are supplied with special sound-
ranging equipment which makes it possible to determine the coordinates
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of firing enemy batteries (guns, mortars, rocket artillery launchers)
from thelr reports and, when servicing the fire of friendly artillery,
to tell the sites where projectiles or mortar shells fall from the
sound waves originating when the shells hurst.

Visibility conditions do not affect the propagation of sound
waves. Therefore, sound-ranging facilities successfully fix firing
eneuy batteries under poor visibility conditions (night, fog, rain
etc.), as well as batteries located in concealed fire positions and
not observable from ground observation posts,

A characteristic feature of sound-ranging instruments is that
they are designed chiefly for receiving reports (bursts)
only. Extraneous sounds occurring on the battlefield have practically
no effect on the functioning of a set if their sources are several
hundred meters away from sound-ranging stations.

Firing with the help of sound-ranging podrazdeleniya is conduct-
ed, as a rule, with guns (mortars) of larger caliber than 105 mm,
which make it possible to obtain good recordings of the sound waves of
shell bursts at an intersection range of 6-8 km or more,

Figure 78. Principle of determining bearing cf
sound-producing target:

T) target; C;) and C,) sound collectors: Cl-—Cz)

sound ranging base; 0) center of sound rangi
base; OD) directrix of sound ranging base; CT
sound bearing ; CS) sound central station.

The principle whereby the bearing of a sound-producing target is
determined is shown in Figure 78. Generally, the battle formation of
a sound-ranging podrazdeleniye consists of sound-ranging stations situ-
ated at a distance of 2-4 km from the main line of resistance of friendly
forces and 1-1,5 km away from each other, a central station, one or two



J=9750 225

warning stations and a meteorological station. Successful functioning
depends in many respects on proper location of sound stations, warning
station and central station,

Sound stations are so arranged as to assure good audibility and
the possibility of performing topographical survey work etc. rapidly
ancd accurately. The warning station is usually sited at a point in the
reconnaissance zone where sound waves arrive at least one second earlier
than they do at the sound station closest to the target.

The site for the central station is selected in the middle of
the line of sound-ranging stations, far from roads with heavy traffic.
It must be concealed from enemy ground and air observation. The mete-
orological station is situated near the central station.

Each sound-ranging station has sound collectors. They receive
eneny gun reports and convert them into electric current osclllations
for transmission to the recorder at the central station. At thins same
place are located a data-processing station and a ccemunications center.

The reccrder receives and records on paver taps the electric
current oscillations coming from the sound collectors.

The processing statio: processes tape with recordings of gun re-
ports and determines the coordinates of the sound sources. The com-
munications center is in communication with the batteries whose fire is
adjusted by the sound-ranging podrazdeleniye. In addition, it controls
the operation of the sound-ranging stations and the warning station,
vhich conducts visual observation of enemy artillery and mortar activity
and starts up the recorder.
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Figure 79, Basic circuit of sound-ranging set.
Keys:

1. Sound collector
2. Carbon microphone
3- Tank

4, Membrane

5 Milliammeter

6. Voltmeter

7. Transformer

8. Recorder
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The meteorological station measures the ground temperature of
the air, wind direction and velocity, and transmits measurement re-
sults to the processing station to be taken into consideration in de-

termining the coordinates of reconnoitered targets or the sites of shell
bursts,

In speaking of the operating principle of sound-ranging, it mast
be borne in mind that first sound bearings are determined from the
centers of sound-ranging bases, and then these bearings are graphically
constructed on the plotting board, and the position of the sound source
is obtained at the site of their intersection,

To determine a sound bearing, the principle used is the time
difference between the arrival of a sound at the stations on the sound-
ranging base, To locate sound sources by intersection when servicing
the fire of friendly artillery, the sound-ranging podrazdeleniye em-
ploys sound ranging apparatus (Figure 79), which consists of the sets of
instruments of the sound-ranging station and the warning station, the
instruments of the sound central station, and the instruments for

processing sound-ranging tapes and readings and for determining target
coordinates,

In addition to the sound coilector, the instruments of a sound-
ranging statiorn include a transformer, storage battery and telephone.
The sound collector consists of a tank, membrane and microphone, The
membrane picks up low-frequency sound waves generated during the firing
of a gun or during a shell burst and oscillates in response to them,
The microphone transforms the sound oscillations into electric oscilla-
tions.

The transformer serves to transform the ripple current, which
appears when sound is received in the primary circuit of the sound col-
lector, into alternating current in the secondary circuit with an in-
crease in its voltage,

The secondary winding of the transformer cuts in the circuit of
the corresponding writing coil of the recorder which records the elec-
tric current oscillations on paper tape. The recorder consists of a
writing mechanism, tape drive and tuning-fork mechanism, start and stop
mechanism and control panel. The writing mechanism has several writing
systems (according to the number of sound-ranging stations) and one
writing system for time-scale recording. The writing system is an
electromagnet, in whose magnetic field is placed a writing coil having
on one side a plate with a glass pen and on the other an elastic plate
fastened at one end in a clamp,

bLs the current from the secondary transformer winding enters
the writing coil, it forms a magnetic field around the latter., This
field interacts with the magnetic field cf the electromagnet producing
oscillations of the writing coil and, consecuently, of the pen as well,
which records on the moving paper tape the oscillations resulting from
the action of the sound wave on the membrzne of the sound collector.
The tape drive pulls the tape at a constant speed. It consists of an
electric drive and tape winder.

The tuning-fork mechanism produces oscillations of electric cur-
rent of constant freauency in order to maintain ccnstant the number of
revolutions of the electric motor of the elee¢tric drive of the tape
transport and in order to record time scale on the paper tape. The
start and stop mechanism serves to start up the recorder from the warn-
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ing station and stop it after the tape recording of the gun report has
been obtained.

The control panel is equipped with instruments to monitor the
operation of the recorder.

The set of instruments of the warning station includes a warn-
ing device and a telechone,

The warning device starts up the recorder only at those times
when sound sources must be recorded. The chief of the warning station
starts the recorder by pushing a button on the warning device which
breaks the circuit of a spascial relay installed in the recorder. The
relay usually actuates and starts uo the recorder before the sound of
a shot (bupst) arrives at the sound-ranging stations.

Sound-ranging stations and the warning station are connected
with the recorder by communication lines.

In determining the coordinates of sound-producing targets and
in servicing the fire of friendly artillery the processing station
first processes tapes (decodes them and takes readings) and then read-
ings, i.e. computes the sound bearing from the center of each sound-
ranging base., The decoding problem is to find the necessary recordings
among the large number received on tape. If fire activity is weak,
this presents no smecial difficulty.

Rerarded as the basic method of tape decoding is the geometric
methed, which is based on the fact chat for every target there is one
corresponding rigidly-defined recording system on the tape, given a
particular reciprocal arrangement of sound-ranging stations and targets
on the terrain.

After the recording system is found, the starts of recordings
are noted. If there are sharp rises in the recordings, it is rather
simple to determine the starts. After this, readings are taken and
the time difference found between the arrival time of a sound atsound-
ranging stations on the sound-ranging base. Readings are taken direct-
ly by measuring segments between recording. starts on the tape in tenths
of a millimeter. The number of resultant tenths of a millimeter
equates to a reading in thousandths of a second.

The target bearing from each sound-ranging base is then computed.
Knowing the target bearing from the centers of sound-ranging bases, the
central station determines target coordinates by graphic constructions
on the target plotting board, or analytically.

The graphic method is employed only in cases where the tying-in
of sound-ranging stations has been performed by reference to map (ohoto-
graph) by eye-sketching methods.

The analytic method takes considerable time for computations and
therefore is rarely used except when the coordinates of especially impor-
tant targets must be determined more precisely.

There is another combination method of determining target coor-
dinates. It is employed in tying-in sound-ranging stations on a com-
plete topographic basis. In this case some of the work is performed
graphically, and some analytically. It is believed that the combina-
tion method is simple and sufficiently accurate. Therefore it is the
basic method.
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The accuracy of sound-ranging work depends on the quality of
survey training and the method of allowing for meteorological factors.

This is the essence of the operation of the sound-ranging equip-
ment which is employed to support artillery and mortar fire. There
may be differences in instrumentation (use of magnetic recording,
oscilloscopes, corputers etc.) in specific models of sound-ranging sets,
but the operating principle of these sets remains unchanged.

The first sound-ranging set was designed back in 1909 by an of-
ficer in the Russian Army, N. A, Benua. Later such sets appeared in
Germany, France, England and the United States.

During the years of the Great Patriotic War sound-ranging sets
of the SChM-36 (ink-recording set M1936) type were in service in our
artillery. They were handy and stable in operation on any terrain and
in any weather.

A sound-ranging set AN/TNS-5, consisting of four autonomous agi-
muth-determination sets transmitting obtained data to a central computer
station, has been developed for the American Army. Target position is
determined by triangulation.

Each azimuth-determination set consists of a condenser micro-
phone, magnetic tape recorder, oscilloscope and computer. The recorder
makes possible measurement of the relative time required to receive a
signal by visual comparison of the signals appearing on the oscillo-
scope screen,

The time difference between the signals coming from the two mi-
crophones is fed into the computer, which calculates the azimuth of the
arriving signal.

The autonomous azimuth-determination sets are placed in the cor-
ners of a square with a diagonal from 50 to 600 m (usually 300 m). The
received sound signals are continuously recorded on individual tracks
of magnetic tape, which is a closed loop 90 m long moving at a speed of
10 m/sec. A photosensitive track with timing marks is entered on the
tape by a photo process. When the track is illuminated, pulses appear
which are compared with a frequency standard for regulating tape speed,
Thus, timing marks on the reverse of the tape make possible exact deter=
mination of absolute signal arrival time, and this is used to distine
guish azimuth data received from the different sets during protracted
listening.

In the compilation of a triangulation map all recorded targets
have the same sound source. In addition to the four recording tracks
for signals from the microphones, a ccrrecting track runs along each
tape edge in order to eliminate tape skew while listening to the re-
cording.

The recorded signals are reproduced by means of a soecial head
rotating at a speed of 20 rpm. The frequency of the recorded signals
is converted in a range from 160 to 16,000 cps.

Under ordinary operating conditions the operator listens to sig-
nal recordings with earphones. When target signals appear, the opera-
tor halts the tape and analyzes the signals, using the oscilloscope.

On the oscilloscope screen signals from the four microphones appear on
individual tracks, and the operator superposes them on one another by
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means of two knobs. In the event of complete coincidence of tracks
the computer calculates the azimuth of the received signal with correc-
tion for wind velocity., Signal arrival time is calculated from the
reverse of the tape,.

Tape recording of signals continues during analysis of the sig-
nals on the oscilloscope screen. A tape with a new recording consti-
tutes a loop, which is5 stored in a speclal comoartment. After analysis
of the data the loop automatically moves out of the compartment, and
after readout of the signals returns again to the compartment. Dura-
tion of storage of recording: four hours.

Accuracy of azimuth determination by the AN/TNS-5 sound-ranging
set: <t 0.06% absolute time accuracy during protracted listening:
0.1 sec; during brief lisvening: 0.0l sec,

Evaluation tests of this set conducted several years ago showed
that it is too cumbersome and requires more operating personnel than
the sound-ranging set employed by the Americans during World War II.

In 1968 the United States developed a sound-ranging srstem for
determining the position of artillery pieces. The system is composed
of ten transmitters, nine receivers, soven microphones, three power
sources, two control blocks, switches, antennas, as well as the neces-
sary tools, packing bags and monitoring apparatus.

Structurally the system is executed in the form of individual
blocks, the weight of each of these not exceeding 11.3 kg. The system
is set up on the terrain not only by means of ground equipment but also
by means of air eouipment.

When the system is deployed under field conditions, sixteen
lines of radio communications zre formed, over which signals are trans-
mitted in three basic directions: from two forward observation posts
to command post; from command post to each microphone; from microphones
to command post. The use of coding, synchronizaticn and time-division
multiplex makes it possible to conduct lé-channel cormunication on two
freousncies. '

Broadband end-fed antennas in the form of half-wave dipoles
connected to the antenna switch block are common for receiver and trans-
mitter. The microphones, which are of exceedingly rigid construction,
permit signal reception on frecuencies from 1 to 300 cps. A svecial
circuit is provided in these for automatic adjustment of sensitivity in
relation to wind force and external-noise level.

Recently the United States developed the "X-Sonad" sound-ranging
system for determining the positiocn of enemy mortars. It consists of a
number cf remote pickups, joined by cables with electronic equipment
(acoustic signal processing apparatus and indicators) which is mounted
in a motor vehicle. Each pickup includes two moving ccils and two
gradient microphones placed in mutually perpendicular planes in a wind-
proof case, which permits overation of the pickup at wind velocity up
to 32 la/hr,

The gradient microphone is an acoustic converter with two dia-
phragms situated on both sides of the symmetrical case. The microphone
output signal is proportional to the sine or cosine of the angle of in-
cidence of the sound wave originating during mortar firing. The use of
two microphones per pickup assures its omnidirectionality in determining
th2 direction of the arrival of sound waves,

A M T R T em
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The accuracy of the X-Sonad system is 1°, which at a range of
300 m does not exceed 50 m. The operating freauency range of piclkups
41s 10-125 cps.

The acoustic signals of piclups (up to four) are reproduced on
the oscilloscope screen. The operator feeds the signal of one of the
pickups into the processing apparatus, producing an output signal which
is then reproduced on the screen of the second oscilloscope. The sys-
tem also provides a device for separating the rapidly changing noises
ard fast acoustic signals created during mortar firing.

Weight of ths electronic equipment in the system: 227 kg.
Volume: 0,28 cu m.

4. .Topogeodetic Tying-in Equipment

This equipment is intended for the topogeodetic preparation of
artillery, which consists in creating the initial basis for topogeodet-
ic tylng-in and in the topogeodetic tying-in prover of positions, sta-
tions and posts.

Depending on purpose, topogeodetic tying-in equipment is divided
into the following groups:

azimuth instruments (theodolites, artillery gyrocompass, peri-
scopic aiming cirele);

instruments and devices for the measurement of terrain distances
(survey tapes, optical range finders, range poles);

calculating instruments (aritkmometers and cther calculators,
slide rules and computers, nomograms of instrument behavior);

instruments and accessories for graphic work (artillery protrac-
tors, milrules, dividers, rules, triangles).

By means of these instruments and devices the artillery control
survey net is created; the coordinates of fire positions, observation
points, and the posts and positicns of podrazdeleniya of ground artil-
lery reconnaissance are determined; guns and observation instruments
are oriented in the principal direction; targets and reference points
are located by intersection; and grid bearing angles of terrain features
are determined,

Topogeodetic tying-in equipment also includes the topogravhic
survey vehicle and mobile artillery observation point, by means of
which position data can be automatically determined. .

The theodolite is a basic azimuth instrument of average accuracy.
It is intended for the measurement of vertical and horizontal angles,
and distances, as well as for the determination of true azimuths from
astronomical observations of celestial bodies,

The theodolite kit (Figure 80) consists of the theodolite with
trivet, tripod, declinator, periscope with case, eyepiece cap, illumi-
nating accessories, packing case for the apparatus, and shockproof chest
for transporting the theodolite,

s sl
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Figure 80, Theodolite:

1) telescope eyepiece; 2) telescope focusing ring;

3) level of vertical circle; 4) mirror; §) tele-

scope clamp screw; 6) slow-moti~n screw of tele-

scope; 7) slow-motion screw of horizontal circle;
8) tripod; 9) tripod elevating screw.

The declinator is intended for magnetic orientation of the
theodolite.

The periscope is put on the objective of the telescope when
working with the theodolite from behind covered positions.

The eyepiece cap on the telescope is used for convenience in

pointing the telescope at large angles of inclination, as well as in
astronomical fixation.

Horizontal angles are measured by a theodolite in two ways:
the individual-angle measurement method and the method of rounds, The

second method is employed in cases where two or more angles must be
measured from a single point.

Both methods consist of two rounds: first, the angle is meas-
ured with the vertical circle placed to the right of the telescope
("face right"), then with the vertical circle placed to the left of
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the telescope (“"face left"). The divergence between the values of the
measured angle in the rounds must not exceed 20°,

Measurement of vertical angles (angles of inclination) is also
accomplished by two rounds.

Distances are determined by means of a theodolite by reference
vo a special range pole according to the principle of distance measure-
ment by a fixed-angle range finder, In the process two short lines of
the reticle of the telescope of the theodolite are used.

Figure 81, Artillery gyrocompass:

1) tripod; 2) azimuth scale part (special theodolite);
3) gyro unit; &) storage battery; 5) current converter.

The artillery gyrocompass (Figure 81) is designed to determine
the grid and true bearing of orienting lines of the terrain in any
season of the year and at any time of day regardless of meteorological
conditions. In practice the operation of the gyrocompass is independ-
ent of the earth's magnetic field, Therefore, it can be employed under
any conditions, including regions of magnetic anomalies,

The gyrocompass is comparatively simple in construction, and its
operating principle can be mastered on the basis of an elementary
knowledge of physics,
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The gyrocompass package includes a gyro unit, special theodo-
lite, tripod, power source, current transformer, azimth cap, and
electric aiming stake, as well as spare parts, tools and accessories
for preventive maintenance and correction of very simple defects.

The gyro unit is the basic part of the gyrocompass. It serves
to determine the true north heading of the gyrocompass station and cone
sists of a sensitive element and a reservoir of supporting fluid,

The sensitive element is a hollow, hermetically sealed cylinder,
inside which is the gyroscope (a rapidly rotating flywheel). The ele-
ment floats freely in the reservoir of supporting fluid, and is centered
relative to the reservoir. The geometric axis of the sensitive element
strives to maintain a vertical position. However, the shifting of the
center of gravity relative to the point of support gives the element
the appearance of a pendulum,

In pendulum-type gyrocompasses the main axis of the rapidly
rotating gyroscope is capable of executing a slow oscillating motion
relative to the true north heading. This proverty of the sensitive ele-
ment is the consequence of two fundamental properties of the gyroscope
itself, which underlie the operating principle of the pendulum-type

gyroscope:

the main axis of the rapidly rotating gyroscope tends to maine-
tain its position unchanged relative to space;

if a couple is applied to the main axis of the ravidly rotating
gyroscope, the axis under the action of the moment of this couple
will turn in a plane perpendicular to the direction of the action of
the applied forces; at the same time, the direction of turning coin-
cides with the direction of the force turned 90° in the direction of
the rotation of the gyroscope rotor.

The special theodolite with autocollimating telescope serves to
determine the reading which corresponds to the true north heading ac-
cording to the autocollimating mirror and the terrain feature reading.
In addition, by means of the special theodolite it is possible to meas-
ure horizontal and vertical angles and magnetic azimuths, as well as
perform astronomical fixation,

Work with the gyrocompass at a point for determination of the
grid bearing of an orienting line consists in: preparation of the in-
strument for operation; observation of the reference voint and revers-
ing points; and in calculation of the grid bearing.

During observation of the reference point the telescope in
"microscove to the right" position is aimed at the reference point,
and a horizontal circle reading taken. Reversing points are observed
in the oscillation range of the sensitive element from 5 to 25° Re-
versing point readings are taken with a notation of the time of day of
the observation of each point. Reading results are recorded in an ob-
servation log.

For greater accuracy the grid reference of an orienting line is
determined by observation of four reversing points with allowance for
gyrocompass correction, which is found as the difference between the
true azimuth of some direction and the azimuth of the same direction ob-
tained by means of the gyrocompass.
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Accuracy in the determination of the %‘rue azimuth (grid bear?ng)
of an orienting line by means of the artillery gyrocompass equals 1'-
3'.6.

3
- ” —
N Ve BN “&y/‘x& N 128N
N oRw WY N\ W
Ll €

ARSI
e

1Y e p—

Figure 82, Topographic survey vehicle:

1) gyroscopic course indicator; 2) course plotter;
3) sighting device.

The topogravhic survey vehicle is used for the topogeodetic
tying-in of elements of artillery in position during fast preparation
and during combat. It can be employed to supply initial points in
the areas of deployment of artillery observation points and ground ar-
tillery reconnalssance equipment in the absence of maps or aerial
photographs with a grid, as well as in werk on terrain poor in centour
points.

The topographic survey vehicle is a motor vehicle, on which is
mounted a set of special ground navigation instruments intended for
the automatic determination of the coordinates of ground points to be
tied-in .

The operating principle of the survey vehicle is based on con-
tinuous solution of the direct geodetic vroblem by feeding a computer
data regarding the route taken by the vehicle and the grid bearing of
the vehicle's motion.

The problem is solved automatically by the basic instruments
of the toporraphic survey vehicle: gyroscopic course indicator, route
data unit, course plotter, power unit, and sighting device.

The kit of the topographic survey vehicle also includes an aime
ing circle for determination of the grid bearings of orienting lines
during the initial-point orientation of the topograrhic survey vehicle
and during monitoring of orientation while plotting the survey route,
and a range finder for measuring distances from 50 to 1000 m by ob-
servation of ground features.

e i ——
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The gyroscopic course indicator is intended for working out the
angle of turn of the motor vehicle and transmitting them to the course
plotter. The main part of it is the gyroscope, which serves to xain-
tain in space the direction first given to itz axds of rotation. By
means of the gyroscope the grid bearing of the longitudinal axis of
the motor vehicle's motion relative ¢o the axis of the gyroscope is
continuously and automatically determined, and the results transmitted
to the computer in the form of electric pulses.

The distence traversed by the motor vehicle is determined by
the route data unit from the nondriving wheels and transmitted to the
computer.

The computer (course plotter), from the coordinates of the ini-
tial point of the topographic survey vehicle's operation and from the
data continuously received from the gyroscopic course indicator and
route data unit, works out the coordinates of the topographic survey
vehicle's position for each moment it is in motion, as well as tracing
on a map, by means of a special plotter, the route of the vehicle's
movement.

The sighting device is intended for initial-point orientation
of the topographic survey wvehicle, for monitoring of orientation dur-
ing operation, and for taking grid bearings from 4 point where the
torogravhic survey vehicle is halted to ground features,

In order for the topographic survey vehicle to operate success-
fully in the tying-in of elements of artillery in position, the
following are necessary: to save tie-in time, the navigation apparatus
is switched on in advance; initial points are selected as close as possi-
ble to the area of the points being tied-in; itineraries are plotted
over the shortest possible distance.

If several points are to be tied-in simultaneously, the topo-
graphic survey vehicle goes by all points in turn and closes the run
at the contour point.

If the points tc be tied-in are visible to each other, the
topographic survey vehicle is oriented by means of the gyrocompass at a
point situated avproximately in the middle of the area of the tie-in
points, and then by mutual referencing the orienting line is transmit-
ted to all tie-in points. Simultaneously by means of the sighting de-
vice the grid bearings of the points are taken, and the distances to
them measured by the range finder. The grid bearing values and ranges
are fed into the course plotter in turn and the coordinates of the tie-
in points are obtained,

In the absence of mutual visibility cf the tie-in points, the
coordinates of the points are determined and a bearing is taken for
each one in turn by driving from one point to the other.

Accuracy in determining the coordinates of the tie-in points
derends on the character of the terrain and the length of the itinerary.
With itinerary length under 5 km, mean error can be 30-50 m, depending
on map scale.

The mobile artillery observation point (MAOP) is an armor-plated
tracklaying vehicle for use as a command post or forward observation
post of artillery chasti and podrazdeleniya and for the conduct of
reconnaissance and artillery fire control.
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In 3solated cases the MAOP is used for the topogeodetic tying-
in of artiliery in position. For this purpose it 1s fitted out with spe-
cial instruments, whose operating principle is tne same as in the

topographic survey vehlicle.

For the solution of topogeodetic tying-in problems the MAOP has
a gyroscopic course indicator complete with current transformer and
motor-generator, route data unit, and course plotter. The purpose of
these instruments is the same as in the topographic survey vehicle.

5. Meteorological Support of Artillery Fire

Meteorological conditions are one of the most important elements
affecting performance of the missions confronting all kdnds of artil-
lery. Meteorology deals with the study of these conditions. From the
viewpoint of practical aoplication, meteorology is divided into a num-
ber of apolied disciplines, amcng which artillery meteorology is
included.

It studies questions of the effect of meteorological conditions
on artillery combat activity and esvecially on firing. It develops
methods and vractical procedures for determining these conditions and
taking them into account during ovreparation for firing, and seeks the
most efficilent forms of metecrological support of all types of artil-
lery.

At present, as a rule, not a single round of medium- or heavy-
caliber artillery is fired without taking meteorclogical conditions
into consideration.

As is lnown, a vrojectile moving in the air, arart from the
force of gravity, is also acted uvon by the force of air resistance
and by the wind. The resistance of the air is directly proportional
to its density. Therefore, the flying range of a projectile declines
with an increase in air density, and vice versa. However, air density
in turn depends on atmospheric pressure, air temperature and atmos-
pheric humidity. The wind alters the flying range of a projectile
and deflects a rrojectile away from its original direction of flight.

Hence it can be seen that in artillery fire it is necessary to
take into account the state of the atmosphere, which is characterized
by the values of such meteorological elements as air temperature, at-
mospheric pressure, wind velocity and direction, as a function of alti-
tude in the various strata of the atmosphere. It has been established
that if accurate data regarding the altitude distribution of meteoro-
logical elements are available, artillery can employ the full prepara-
tion of initial firing data without fire adjustment.

It is especially important tc take meteorological conditions
into account in antiaircraft artillery fire. Yhereas in ground artil-
lery fire adjustment is possible, permitting the elimination of errors
in the preparation of initial firing data, no adjustment is performed
in antiaircraft artillery fire on aerial targets -- fire is delivered
straightway for effect. Therefore, antiaircraft.artillery fire must be
carefully prepared, taking into account the meteorological factors that
affect the position of bursts,

Meteorological support of artillery is performed by meteorologi-
cal podrazdeleniya. They conduct ground meteorological observatiohs
and temperature and wind-velocity sounding of the atmosphere.
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Ground values of meteorological elements are usually determined
at an altitude of 2-5 m above the earth's surface. In artillery aste-
orology the values of meteorological elements at same svecified alti-
tude are called actual values in contrast to mean values, by which are
understood the average values of meteorological elements from the
earth's surface to the prescribed altitude,

Meteorological stations are considered the basic units of the
meteorological service. In soms artillery vodrazdeleniya there can be
meteorological posts,

Meteorological stations perform the entire comolex of necessary
ground meteorologi -al observations and temperature and wind-velocity
sounding of the atmoschere.

Meteorological stations compile weather bulletins and storm
warnings from the results of ground observations and atmospheric sound-
ings.

Depending on their affiliation, meteorological posts conduct
ground observations of the wind, air temperature, atmospheric pressure
and wind-velocity sounding of the lower atmospheric strata,

The meteorological data published in bulletins must be accurate,
complete, timely and obtained as close as possible to the place where
they will be used. For this purpose meteorological stations travel
in the course of combat operations and are deployed at short distances
from artillery fire positions.

Ground observations in podrazdeleniya of the artillery meteoro-
logical service are conducted with instruments and without -- visually.

Alr temperature, wind direction znd velocity, and atmospheric
pressure are determined with instruments. The accuracy of meteorologi-
cal data depends on the accuracy with which the instruments operate.
Therefore, the instruments must be checked in advance. All observa-
tions and computations are conducted in strict conformity with estab-
lished regulations.

Visual observations are made of dangerous natural phenomena
(thunderstorms, cloudbursts, snowstorms, dust stormms, fogs).

Observations of atmospheric phenomena and cloud cover, as well
as the recording of pressure change make it possible to judge the state
and character of the change of the weather.

Podrazdeleniya of the meteorological service measure the ground
temperature of the air by liouid (mercury and alcohol) thermometers.
Meteorological stations determine the direction and velocfty of sur-
face wind by means of an anemorhurbometer, while meteorclogical posts
make the determination by means of a field anemometer.

An anemorhumbometer is an electrical instrument with remote
transmission of wind data from a wind velocity and direction sensor.
It is constructed according to the principle of converting wind data
into electrical quantities. An eight-blade vane serves as wind-veloce
ity receiver in the instrument, and a wind vane as wind-direction
receiver,

The field anemometer is an instrument of mechanical type. It
determines wind velocity and direction at the site where it is set up.

e g e b o s ]
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The principle of wind-direction measurement is the same as for the
anemorhumbometer. Wind-velocity measurement is based on the fact that
the deflection angle of the plate (wind receiver) 4s a function of the
value of the pressure on the air flow plate, i.e. of wind velocity.

The surface pressure of the atmosphere is determined by various
types of metal aneroid barometers and mercury barometers. The principle
of pressure measurement by means of an aneroid barometer is based on
the relationship between the measured pressure and the elastic deforma-
tions of the rembranes of the aneroid cases,

Surface humidity under field conditions is found by means of
psychrometers and special vsychrometric tables. A distinction is drawn
between absolute and relative air humidity. By absolute humidity is
understood the pressure of the water vapor present in the air, It is
exvressed in millimeters of mercury. The more water vapor in the air,
the greater the vapor pressure.

Relative humidity is the ratio between absolute humidity (vapor
pressure at the time of observation) and maximum vapor pressure at the
same temperature. It characterizes the degree of water vapor saturation
of the air and is expressed as a vercentage.

The variation in relative humidity is the opposite of tempera-
ture variation. Therefore, minimum relative humidity is observed by
day and in the summer, and maximum relative humidity by night and in
the winter.

Only relative humidity is determined in the layers of the atmos-
phere, -

Temperature and wind-velocity sounding of the atmosphere is per-
formed by means of radiosondes operating to-ether with a radar set.

A radiosonde consists of a radio transmitter, baroswitch, tem-
‘perature sensor (thermistor) and power unit. The radiosonde auto-
matically transmits air-temoerature and pressure data in the form of
coded radio signals.

The radiation of the radiosonde transmitter is used by the radar
set for the radiosonde bearing and its automatic angular tracking by
angular coordinates,

In the U.S. Army, for example, radiosondes are mounted on large
balloons which are capable of ascending to an altitude of 35-40 km at
a speed of 450 m/min. During ascent and at a specified altitude the
radiosonde transmits data about atmospheric pressure, temperature and
humidity.

In addition to balloons, meteorological rockets are used in
foreign armies as carriers of meteorological avparatus. They are usu-
ally two-stage rockets. An instrument compartment is placed in the
second stage. When the rocket attains maximum altitude, the instrument
compartment is ejected by means of a pyrotechnic device, It then de-
scends by parachute, measurement data being transmitted the while to
the ground station. A sonde-tracking radar set determines wind veloci-
ty and direction,

The measurements received at meteorological stations are pro-
cessed and distributed to artillery podrazdeleniya in the form of a
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"meteo-mean” bulletin, on the basis of which ballistic mean values (devi-
ations) of meteorological elements are calculated.

Ballistic mean values are used to determine the corrections to
be taken into consideration during firing under given meteorological
sonditions.

The employment of radar equipment in military meteorology has
become part of everyday practice in many armies. This is due to a num-
ber of advantages which radar methods of meteorological observations
have over other methods, for example, theodolite optical observations
of pilot balloons. First, radar sets have a greater range of vision,
and greater volumes of space can be covered, with measurement results
independent of the time of day or state of the weather. Second, it
takes little time to obtain the meteorological data-in a station's
operating range.

The U.S. Army command attaches great significance to matters
concerning the development of military meteorology. As one of the
most important areas of scientific research work in the near future,
the U,S, Depsrtment of Defense is proposing investigations in the field
of medium-altitude (tropospheric) meteorology and development of new
means of atmospheric sounding.

Requirements to be met by the meteorological systems under develop-
ment are high-speed receipt, processing and transmission of meteorologi-
cal data to the troops. To ralse the reliability of weather reports,
especially under conditions of mobile combat operations, the functions
of data processing and transmission have been automated by wide-scale
use of electronic computerse.

6, Sighting Mechanisms
Calculated firing data are used in sighting mechanisms.

Desrite differences in details the essence of the construction
of all gun sighting mechanisms is the same. To point a pliece, first
its barrel must be turned in the direction of the target, or if a tar-
get has not yet been designated, the piece must be given the principal
direction. This is called laying for direction. Second, the muzzle
end of the plece must be elevated or lowered to such an extent that
the barrel forms a certain angle with the horizon, given which the pro-
Jectile will fly for just the prescribed distance to target, no farther
and nc less. Giving the barrel of the pilece the angle of elevation
is called laying for elevation.

Laying for direction is performed with the azimuth mechanism and
traversing mechanism of the piece; laying for elevation with the sight
proper and the elevating mechanism of the piece. Thus, every sighting
mechanism must have an azimuth mechanism and a sight,

There are dozens of varieties of sighting mechanisms employed
in antitank, tank, antiaircraft, alrcraft, coastal and shipboard artil-
lery, in mortars and field rocket launchers. Sights are mechanical and
ovtical (panoramic, collimating, telescovic), nonautomatic and auto-
matic, Special sights for conducting fire by night have become popular
in antitank and tank artillery.
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Oround artillery employs two types of sighting mechanisms, viz.
for direct and indirect laying. Ouns which combat fast-moving and
readily visible targets (tanks, armored carriers etc.) have direct-fire
sights. Most modern pieces are supplied with two sights -- for direct
and indirect laying.

Figure 83. Direct-fire optical sight:

1) telescope; 2) knob of elevation mechanism; 3)

drum of lead mechanism; 4) thumbscrew of deflece

tion-correction mechanism; 5) deflection scale;

6) thumbscrew of height-correction mechanism; 7)
forehead piece.

A direct-fire optical sight (Figure 83), which is a telescope
with an elevation mechanism, is rigidly attached to the tipping parts
of the piece., The optical axis of the sight is parallel to the axis of
‘the bore, The optical system of the sight has a glass plate on which
are plotted the scales in hundreds of meters for various projectiles,
the lateral lead scale in azimuth micrometer scale units , and indicators
(marks) for pointing at target.

Laying is very simply accomrlished. The gunner, by turning the
handwheels of the elevating and traversing gear of the plece, brings
the scale division corresponding to reauired range into coincidence
with the target., Depending on the direction and velocity of motion
of the target. lead is introduced according to the lateral pointing
correction scale or by bringing one of the lateral marks into coinci-
den.. with the target.

Indirect-fire sighting mechanisms (Figure 84) consist of pane
oramic sight and sight proper. They are beside the barrel, on the left
side,

A panoramic sight is an optical instrument for angle measurement.
It is fixed securely in a special telescore socket, The panoramic
sight is made to be periscopic lest the gunner's headgear obstruct aime
ing points situated to the rear. The head of the pancramic sight can
rotate in the horizontal plane, Therefore the gunner behind the gun
shield is able to see objects in front, at the side and to the rear
without taking his eyes away from the eyepiece,
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Figure 84, Sighting mechanism with indevendent line
of sighting:

1) trunnion of telescope mount; 2) telescove mount;
3) telescope socket; 4) panoramic sight; 5) head;
6) elevation micrometer; 7) sight; 8) azimuth microm-
eter; 9) azimuth circle; 10) gun pcinter; 11) sight
pointer; 12) eyepiece; 13) cross level; 14) angle-of=-
site level; 15) handwheel; 16) nut of sight elevat-
ing mechanism; 17) angle-of-site scale; 18) range
drum.

The panoramic sight gives a magnified and erect image. On look-
ing through the panoramic sight the gunner sees cross hairs, through
the center of which the optical axis of the instrument runs. In night
firing these cross hairs are illuminated by a lamp through a special
window of the panoramic sight.

The azimuth mechanism of the panoramic sight consists of a
rotating circle divided into 60 parts, and a drum divided into 100
parts. -a one rotation of the drum the ortica. axis of the panoramic
sight turns one circle-scale unit (1-00) in the horizontal plane or
1/60 of the circumference of the azimuth circle. As the drum turns one
scale-unit, the head moves 1/6000 of the circumference of the azimuth
circle (0-01).




J-9750 242

In the panoramic sight there is a mechanism (a rotating head)
which moves the optical axis in the vertical plane. Readings of the
angles of the rotating head are made according to the scale and the drum.

Since the optical axis of the panoramic sight moves not only in
the horizontal but also in the vertical plane, the aiming point can be
selected in various directions, and above or below the gun's horigon.

The sight proper is intended to give the gun barrel the neces-
sary angle of elevation.

All sights are divided into gun-devendent and gun-independent
sights according to the character of their attachment to the gun.

If during the operation of the gun elevating mechanism the sight-
ing mechanism (for example the panoramic sight) moves together with the
tipping parts. the sight is said to be gun-dependent. Such sights are
used mainly in mortars, antitank and tank artillery. They are very
convenient for direct laying performed by one gunner.

If the panoramic sight remains immobile during operation of the
gun elevating mechanism, the sight is said to be gun-independent. Such
a sight is readily distinguishable from any other by its external ape
pearance. I! has two pointers -- a sight pointer and a gun pointer.
The sight pointer registers the prescribed angle of elevation. To give
the barrel the angle of elevation specified on the sight, one has only,
by means of the gun elevating mechanism, to bring the gun pointer at-
tached to the cradle into coincidence with the sight poimter.

Gun-independent sights are good for indirect laying (the gun can
be loaded during laying, and the laying itself can be performed by two
gunners).

All gun-dependent sights have the dependent line of sighting,
while gun-independent sights have the independent (or semi-independent)
line of sighting. In a sight with dependent line of sighting, with a
change of sighting angles the optical axis of the panoramic sight moves
in the vertical plane, i.e. the cross hairs of the panoramic =ight
shift relative to the aiming point by the corresponding angle. In a
sight with inderendent line of sighting the optical axis of the pano-
ramic sight does not move in the vertical plane with a change of sight-
ing angles, i.e. the cross hairs of the panoramic sight will always
coincide with the aiming point. This is the idea of the independent
1line of sighting.

Two gun crew members point the piece at the tarzet in conformity
with a command issued to them. The first gunner performs laying for
direction and establishes sighting angle and angle of site. As is
known, the angle of elevation equals the algebraic sum of sighting angle
and angle of sight. In the process the sight pointer deflects from the
gun pointer by a certain angle. Now to point the gun at the target in
the vertical plane the second gunner, turning the elevation handwheel,
brings the gun pointer into coincidence with the sight pointer,

A sight with semi-independent line of sighting is the name giv-
en a sight if the optical axis of its panoramic sight does not change
its position in space with a change in sighiing angle, but does change
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